both children and adults were exposed to extremely high levels of arsenic but no increases in leukemia

were noted (Chen et al., 1985; Chen et al., 1992). Although the number of studies that explicitly compare
the toxicity of arsenic in adults and children is limited, existing data and analyses of lifetime cancer risk

do not indicate a need for additional toxicity uncertainly factors to address child-specific sensitivity.
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4 Comments on Risk Characterization Issues
" This section includes comments on issues discussed in Tab 1. .

4.1 Validity of Sensitivity Analysis

In the risk assessment conducted by CPSC staff a deterministic approach was used, in which a
single value was selected for each input parameter and was used to generate risk assessment results. To
assess the potential influence of various sources of uncertainty and variability in input parameters on the
risk assessment results, CPSC staff conducted a focused sensitivity analysis, applying alternative low-end
and high-end parameter estimates in the risk algorithms and exa:hining the impacts of the alternative

values on the risk assessment results.

CPSC staff correctly determined that currently available data are insufficient to support a
meaningful probabilistic risk assessment approach. Instead, the approach seclected by CPSC staff for
evaluating the influence of variability and uncertainty on the risk assessment results (i.e., a deterministic
risk assessment coupled with a focused sensitivity analysis) makes better use of available data. In
addition, such an approach provides clearer and more readily interpreted analyses exploring the influence

of various sources of uncertainty on the risk assessment results.

Although CPSC staff selected an appropriate framework for evaluating the range of plausible risk
assessment results, several deficiencies exist in the way in which their evaluations were documented,
implemented, and interpreted. For example, the documentation of the basis for selecting the input
parameters épplied in the sensitivity analysis is. limited in many cases. This documentation should be
exparided to provide more detail regarding the basis for the selected range of parameter values and, where
available, should provide quaﬁtitative information presenting the segment of the underlying complete
range of possible values that the selected range is intended to represent (e.g., which percentiles of the

complete range that the range applied in the sensitivity analysis corresponds 10).

Some of the speciﬁé ranges applied in the sensitivity analysis also are implausible or
inappropriate. As discussed above, the RBA value applied in the risk assessment conducted by CPSC
staff to estimate the relative bicavailability of ingested dislodgeable arsenic (1.0} is overly conservative
and fails to reflect éubstantial available data indicating that absorption of dislodgeable arsenic is likely to
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be significanily less than absorption of arsenic dissolved in water. Similarly, the range of potential RBA
values applied in the sensitivity analysis (0.2 to 1) is inappropriate. Based on available data, a more
reasonable range of values is 0.1 to 0.7 (Gradient, 2001b). As discussed above, the high-end estimate of
the hand transfer efficiency factor used in the sensitivity analyses (7) is also implausible and should be
‘replaced by a more reasonable high-end value of 1. Finally, the high-end value for the concentration of
dislodgeable arsenic on hands (300 pg/handload) is not supported by the available data. Instead, a high-
end vélue for this parameter of approximately 3-fold less is more plausible and better supported by

available data.

By using parameter estimates in the sensitivity analyses that overstate the plausible range of
values for the input parameters, the sensitivity analysis approach applied by CPSC staff provides
misleading perspectives on the results of the risk assessment. Specifically, when input parameter ranges
that are unrealistically high are applied in the sensitivity analysis, the resulting risk estimates are skewed
towards unrealistically high values. When compared to the results of the baseline risk assessment, these
skewed high-end estimates then suggest that risk estimates could be substantially higher than is likely in
light of more careful consideration of available scientific data. This bias is compounded if the relative
degree of uncertainty reflected in the ranges selected for the various input parameters is not 'adequately
accounted for when presenting the results of the sensitivity analyses. For example, the CPSC staff
analysis notes that behavior corresponding to the high-end HTE (7) is "Iess likely” and that "CPSC staff
has less confidence in the estimate based on the high value of soil ingestion." This lower degree of
confidence needs to be retained in discussions of the sensitivity analysis and risk assessment results. By
contrast, the presentation of the sensitivity analysis results (e.g., on p. A-4) presents all the results as if
they have equal validity. The text and accompanying table should reflect the relative plausibility and

likelihood of the various alternative risk estimates that were derived.
4.2 Modifications to Risk Assessment Results

As reflected in these comments, use of more techmically sound exposure assumptions and
consideration of additional context for carcinogenic risk estimates (including controversies surrounding
procedures for quantifying carcinogenic risks associated with ingested arsenic and typical risk levels
associated with natural or regulated exposures to arsenic) would substantially alter the perspective on
potential adverse health risks presented in the risk analyses prepared by CPSC staff. The risk analyses

conducted by CPSC staff suggest that potential risks associated with children's exposures to arsenic
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through contact with playground equipment built with CCA-treated wood range from 2 x 10%to0 1 x 107,

This risk assessment presents a misleading perception of likely actual risks for a number of reasons.

First, the high end of this range is largely driven by the unreasonable high-end CSF of 23 (mg/kg-
day)”, which, as demonstrated in detail in these comments, is implausible and inconsistent with available
epidemiological evidence in U.S. populations. Simply by eliminating this technically unsupported value
from the CPSC staff risk estimates, the high end of the range of risk estimates preseated by CPSC staff
‘would be reduced by at least a factor of 6, to 2 x 10°. As noted, correction of an apparent error in the
CSF calculations conducted by CPSC staff would reduce this estimate by an additional factor of 2, to
1 x 10”. Thus, it is clear that this single highly uncertain toxicity value is a primary factor contributing to

the misimpression of elevated nisks associated with this arsenic exposure source.

Second, these comments have identified numerous highly conservative assumptions that were
applied in the CPSC staff risk analyses and have, in many cases, recommended more scientifically-
supported modifications to the risk assessment approaches, many of which would alter the quantitative
results of the risk analyses. As discussed in more detail in the following section, additional contextual
issues also exist which should be considered in conducting the CPSC staff risk analyses and which would
influence interpretation of the results. Consideration of these factors would substantially alter the

perspective on potential health risks posed by the exposure scenarios addressed in these comments.

Specific modifications to the risk calculations recommended in these comments include adjusting
the assumption regarding relative bioavailability of arsenic from ingested dislodgeable residue and by
incorporating consideration of the influence of exposure time on exposure estimates. Specifically, the
RBA assumption used in the CPSC staff risk analyses (100%) ignores the substantial body of evidence
indicating that absorption of ingested arsenic in a variety of solid matrices, including dislodgeable residue
from treated wood, is likely to be significantly less than absorption of dissolved arsenic in water. As
reviewed in these comments, a more scientifically sound estimate of the relative bioavailability of arsenic
from dislodgeable residue is unlikely to exceed 50% and may be as low as 10%. Similarly, the failure of
the CPSC staff risk analyses to consider the influence of exposure time on exposures associated with a
localized source such as a structure built of treated wood also leads to erroneously elevated exposure and
risk estimates. As described in these comments, use of a fractional intake estimate to reflect this factor
would reduce exposure estimates by a factor of 4-12 as a conservative estimate. Specifically, a fractional

intake estimate of 0.25 reflects the assumption that children spend 2.9 hours/day playing outdoors (the
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* 90" percentile value from a national survey) and that all of this time includes contact with 2 structure built
of treated wood.- Using mean data, a fractional intake estimate of 0.08 would reflect the assumption that
children spend 1 hour/day playing outdoors in contact with a structure built of treated wood. Modified

nisk estimates reflecting these three specific quantitative recommendations (ie., eliminating the
unsustainable high-end CSF and modifying the assumptions for the RBA and fractional intake) are

summarized in Table 4-1.

~ Table 4-1 _ _
Summary of Modified Risk Estimates
Unmodified CPSC Staff Risk Modified Risk Estimates
Estimates
Low End® 2% 10 2x10%t03 x 107
High End" 1 x 107 2x107t02x10°
Notes:
(a) Low-end CPSC staff estimates assume a CSF of 0.41 (mg/kg-day)”’, an RBA of 100%, and ne fractional

intake factor. Low-end modified risk estimates assume a CSF of 0.41 (mg/kg-day)y’, an RBA of 10% or 30%,
and a fractional intake factor of 0.08 or 0.25

(b} High-end CPSC staff estimates use a CSF of 23 (mg/kg-dayf’, an RBA of 100%, and no fractional intake
factor. High-end modified risk estimatés assume a CSF of 3.7 (mg/kg-dayy”, an RBA of 10% or 50%, and a
Jractional intake factor of 0.08 or 0.25

As shown in Table 4-1, incorporating only these three recommendations substantially changes the
perspective on the range of risks associated with the exposure scenatio examined in the risk analyses
conducted by CPSC staff. Specifically, instead of suggesting that a risk estimate of 2 x 10 is likely to
represent the low-end of the calculated risk range, the modified risk estimates indicate that this value
more plausibly represents the high end of the risk range. If the apparent CSF calculation error noted
above were corrected (i.e., if a CSF value of 1.9 [mg/kg-day]’ were used), this value would be reduced
by an additional factor of 2, t0 1 x 10°°. Moreover, the plausible low énd of the risk range is reduced by
two orders of magnitude to 2 x 10, Even with these modifications, numerous conservative elements
remain in this calculation. For example, as discussed above, all of the CSF values for ingested arsenic are
likely to overestimate risks for U.S. populations exposed to lIow levels of arsenic. Similarly, the exposure
times used to estimate the fractional intake factor are likely to represent a conservative estimate of the
typical amount of time that children spend playing on playground equipment built of treated wood. As a
result, risk estimates for this scenario are likely to be less than those suggésted by the modified
calculations. Thus, instead of suggesting that the risk estimatés associated with this €Xposure scenario
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almost certainly exceed a risk level of 1 x 10, more scientifically-sound risk calculations indicate that
y

the risk estimates for this exposure scenario are highly unlikely to exceed 1 x 10°°,

4.3 Context for Risk Assessment Results

Because arsenic is ubiquitous in the environment from a variety of natural sources, an important
part of any risk assessment for arsenic exposures is consideration of the studied exposures in the context
of exposures resulting from natural sources (e.g., dietary sources) as well as other regulated sources (e.g.,
drinking water). As discussed below, consideration of these factors indicates that, even if the arsenic
intake estimates generated by CPSC staff are not adjusted to reflect more scientifically-sound
assumptions, intake 6f arsenic associated with children's contact with play sets built of CCA-treated wood
is relatively small compared with other exposure sources. As a result, reductions in this exposure source
will not significantly influence the magnitude of children's potential overall exposures to arsenic or any

assdciatcd health risks.

Several studies have estimated the dietary intake of inorganic arsenic by children and adults. In
one study, Yost ef al. (1998) quantified the adult dietary intake of inorganic arsenic using data from the
U.8. Food and Drug Administration's (FDA) Total Diet Study (conducted in 1982 to 1990), which
surveyed more than 5,000 food types from 100 locations across the U.S. to estimate the typical U.S. diet
and total arsenic concentrations in food. These data were combined with data from a 1986 study by the
Ontario Ministry of the Environment that measured the percentage of total arsenic consisting of inorganic
arsenic in 14 types of food. Based on these data, the typical dietary intake of inorganic arsenic intake was

estimated to be 8.3 pg/day for infants, 9.4 pg/day for toddlers, and 14.0 pg/day for adults, respectively.

A later study by Schoof et al. (1999a) quantified the adult dictary intake of inorganic arsenic
using two other datasets. Data from the U.S. Department of Agriculture's (USDA) Continuing Survey of
Food Intake by Individuals (CSFII) for 1989-1992 were used to estimate the type and quantities of foods
consumed in the U.S. Arsenic concentration data were obtained from a market basket survey by Schoof
et al. (1999b), in which 40 food commodities purchased in 4 locations were analyzed for their inorganic
and total arsenic content. The food types included in this survey were selected to represent those food
sources thought to contribute more than 90% of total dietary arsenic intake. As a result, this survey'
provided a more extensive characterization of arsenic concentrations in potential dietary sources than the

OME survey. Based on these data, the mean dietary inorganic arsenic exposure for an adult was
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estimated as 3.2 ng/day, with a median of 2.4 and a 90" percentile of exposure of 6.7 pg/day (Schoof et
al., 1999a). '

The arsenic data generated in the Schoof et al. (1999b) market basket study were subsequently
applied to estimate children's dietary intake of inorganic arsenic (Yost et al., 2002). Combining the
market basket data with the FDA estimates of total arsenic intake, the dietary intake of inorganic arsenic
was estimated to range from 3.4 to 8.5 pg/day for children and 3.9 to 7.2 ug/day for toddlers. Using a
dietary analysis software package, the USDA CSFIl data regarding food consumption patterns, and
arsenic data from the Schoof market basket survey, dietary inorganic arsenic intake for young children

was estimated to have a mean value of 3.2 pg/day and 2 high-end (99" percentile) value of 9.4 pg/day.
y

As noted above, another important natural source of exposure to inorganic arsenic is through
drinking water. The current MCL for arsenic in drinking water is 10 pg/L, a value established by EPA as
protective of public health. Assuming a mean drinking water consumption rate for young children of
0.87 L/day, the arsenic intake for a child consuming water containing arsenic concentrations equal to the
allowable MCL concentration would be 8.7 pg/day. Using an RME estimate of drinking water
consumption for a young child, the arsenic intake from this source would be 15 pg/day. Although a
child's actual arsenic intake will vary depending on the arsenic concentrations present in his water supply,
these estimates reflect the arsenic intakes that correspond to the health protective drinking water standard
set by EPA.

Figure 4-1 compares the inorganic arsenic intake estimated by CPSC staff for children's
exposures to play sets built of treated wood with a modified intake estimate (reflecting conservative
application of several recommended changes described in these comment), intake estimates from dietary
sources, and intake estimates corresponding to EPA's drinking water standard. As can be seen, inorganic
arsenic intake associated with food and water is greater than that estimated by CPSC staff for children's
exposures to treated wood. This difference is even more striking if average lifetime exposures are
considered, the typical exposure estimate of primary concern when assessing potential carcinogenic
“health risks. For arsenic intake from dietary sources or drinkjngAwater, such intakes will likely continue
throughout an individual's lifetime and intake is likely to increase. By contrast, the types of exposures
estimated by CPSC staff for small children on treated wood play sets are likely to persist at that level for
only a short period of tirﬁe (approximately 5 years out of a 70-year lifetime). Thus, the lifetime-averaged
intake of inorganic arsenic from this source (0.1 ug/day) will be an order of magnitude less than the

203008
r3260352.doc 39 Gradient CORPORATION




annual-average daily intake (1.4 pg/day) and will be approximately a factor of 30 to 100 less than
corresponding estimates of intake from food or drinking water. As noted above, the intake estimates
calculated by CPSC staff are likely to overestimate children's potential exposures to arsenic from play sets
built of treated wood. As a result, these considerations further support the conclusion that arsenic
exposures associated with children's contacts with play sets built of treated wood are likely to contribute
negligibly to children's overall arsenic exposures. Moreover, these considerations indicate that reductions
in children's arsenic exposures from this source are unlikely to substantially influence their overall

inorganic arsenic exposures or consequent health risks.
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Figure 4-1

Comparison of Daily Intakes of Inorganic Arsenic
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Daily Intake (1a)  Daily Intake (1b)  Daily Intake (1¢) Intake (2a) Food Intake (2b) Intake (3a) DW Intake (3b)

Notes:

(la) CPSC staff average daily intake is calculated by averaging the daily intake (3.3 ug/day) over
a one-year period (ie, daily intake times 156daysivear of exposure divided by
365 days/vear).

(1b) Adjusted CPSC staff daily intake reflects application of several of the modifications
recommended in these commenis (i.e., application of an RBA of 50% and a fractional intake
Jactor of 0.25).

(ic) CPSC staff lifetime daily intake is calculated by averaging the CPSC staff daily intake
(3.3 pg/day) over a 70-year lifetime.

{2a) Mean food intake is based on mean dietary intake for a child ages 2-5 years (Yost et al,
2002).

(2b) Upper-bound food intake is based on 99 percentile intake for a child ages 2-5 years (Yost et
al., 2002).

(3a) Mean drinking water (DW) intake is based on mean intake estimated for a child ages 3-5
years old (USEPA, 1997b) consuming drinking water containing arsenic concentrations equal
io the arsenic MCL of 10ug/L.

(35} Upper-bound DW intake is based on 90" percentile intake estimated for a child 3-5 years old
(USEPA, 1997b) consuming drinking water containing arsenic concentrations equal to the
arsenic MCL of 10ug/L.
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Attachment A

Relative Bioavailability of Inorganic Arsenic
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This attachment provides more detailed information regarding the basis for assuming reduced
relative bioavailability for arsenic derived from dislodgeable materials as recommended in these
comments. Both the regulatory and technical bases for developing relative bioavailability adjustment
(RBA) factors are discussed. Information is provided on studies of the relative bioavailability of
dislodgeable arsenic, as well as other relevant media such as arsenic in soil originating from CCA-treated
wood. Arsenic leaching studies that provide additional information regarding the likely bioavailability of
arsenic from sources associated with wood treated with chromated copper arsenate (CCA) are also

reviewed.

Overview

A critical factor determining the magnitude of potential exposures and risks associated with a
chemical is its bioavailability, i.e., the amount of the chemical that is actually absorbed into the body. A
chemical's bicavailability is influenced by such factors as the species of the chemical, the matrix in which
it is present, the amount of time that a chemical is in a matrix, and the route by which exposure occurs.
When chemicals are ingested, bioavailability is determined by the amount of a chemical that is dissolved
* in gastrointestinal fluids and absorbed across the gastrointestinal tract into the bloodstream. An ingested
chemical that is adsorbed to soil or some other solid medium like wood dust may be absorbed less

completely than the same ingested dose of the chemical when dissolved in water (NEPI, 2000).

Another important factor to consider is the relative bioavailability of the chemical under the
exposure conditions of interest when compared to the bioavailability of the chemical under the exposure
conditions present in the study that forms the basis for the quantitative toxicity factor for the chemical
(USEPA, 1989). Frequently, quantitative toxicity factors are calculated based on studies where the
chemical was administered in food or water. By contrast, risk assessments for chemicals in the
environment often require assessments of the exposures and risks associated with chemicals in soil or
other solid media. Where the bioavailability of the chemical observed in the toxicity study is likely to
differ from that under the exposure conditions of interest, a relative bioavailability adjustment (RBA)
factor is derived. The RBA factor for a specific chemical reflects the absorption fraction from the
exposure medium of interest in the risk analyses (e.g., soil or wood dust) relative to the absorption

fraction from the exposure medium used in the relevant toxicity study (e.g., food or water).
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It is widely recognized that the bicavailability of many metals and organic chemicals in soil or
other solid media tends to be considerably lower than bioavailability from food or water (see, e.g., Ruby
et al., 1999; Alexander, 2000). Bioavailability from soil and other solid media can be affected by a
number of factors, including the form of the chemical, its solubility, the size distribution of the ingested
particles, the type of soil or other medium, the degree of encapsulation of the chemical within an

insoluble matrix, and the nutritional status of the exposed individual.

Guidance from the U.S. Environmental Protection Agency (EPA) recognizes the need to make
adjustments for the reduced bioavailability of compounds in soil and other media. For example, EPA's
Risk Assessment Guidance for Superfund (USEPA, 1989) notes:

"If the medium of exposure in the site exposure assessment differs from the medium of
exposure assumed by the toxicity value (e.g., RfD values usually are based on or have
been adjusted to reflect exposure via drinking water, while the site medium of concem
may be soil), an absorption adjustment may, on occasion, be appropriate. For example, a
substance might be more completely absorbed following exposure to contaminated
drinking water than following exposure to contaminated food or soil (e.g., if the
substance does not desorb from soil in the gastrointestinal tract).”.

EPA guidance also recommends the use of RBA factors “to adjust a food or soil ingestion
exposure estimate to match an RfD or slope factor based on the assumption of drinking water ingestion ”
(USEPA, 1989).

The risk analyses conducted by the staff of the Consumer Product Safety Commission {CPSC)
focus on potential exposures and risks associated with arsenic from dislodgeable materials on the surface
of CCA-treated wood. To assess the potential bioavailability of arsenic from this source, data from
bioavailability studies using wood dust and dislodgeable residue itself are of interest. For arsenic present
in material directly contacted and dislodged from CCA-treated wood, data from two studies of dogs fed
sawdust from CCA-treated wood suggést a relative bioavailability estimate of 47% (Peoples, 1976;
Peoples and Parker, 1979). Initial results from a recent study in which hamsters were fed dislodgeable
arsenic support reduced RBA estimates for dislodgeable arsenic and suggest that the RBA value may be
in the range of 10-20% (Aposhian, 2001). Additional animal studies of the bioavailability of dislodgeable
arsenic have been designed with input from EPA and other regulatory agencies and are currently
underway. The results of these studies, as well as other factors indicating the reduced bioavail_ability of
dislodgeable arsenic, should be incorporated into CPSC's risk analyses. Other factors supporting a

reduced bioavailability of dislodgeable arsenic from CCA-treated wood include the chemistry of the
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wood treatment process, which is designed to fix arsenic and the other metals within the wood matrix; the
form of arsenic found on the wood surface; studies indicating that only a small proportion of dislodgeable
arsenic is soluble; and toxicology and epidemiology studies indicating few adverse effects that are

~ attributable to arsenic exposure from CCA-treated wood.

In addition to the animal studies available for deriving an estimate of oral bioavailability, other
factors support an assumption of reduced bioavailability for dislodgeable arsenic. First, the chemical
-process that oceurs during wood treatment is designed to bind the CCA in the wood so that the fixative
will persist and prevent deterioration of the wood over a long period of time (Bull, 2001). Second, 2
study of the composition of dislodgeable materials suggests that a substantial proportion of the arsenic
observed on the surface of CCA-treated wood is insoluble. Specifically, an analysis of dislodgeable
surface materials collected from samples of CCA-treated wood found that arsenic comprised a maximum
average value of 0.2% of the surface material on the treated wood and that approximately 94-100% of the
surface arsenic was insoluble in water (Cui, 2001; Osmose, 2001). X-ray diffraction techniques have
shown the form of arsenic on the surface of CCA-treated wood to be non-crystalline amorphous oxide
complexes (Kamdem, 200)}; Kamdem and Cui, 2001), which is consistent with the foregoing
observations. Overall, these findings support the assumption that the biocavailability of arsenic present in
dislodged materials is less than would be expected based on consideration of the total measured arsenic

concentration.

Additional evidence of the reduced bioavailability of dislodgeable arsenic comes from the results
of leaching studies. Data from leaching studies indicate that arsenic is not released from treated wood to
any appreciable extent under normal outdoor conditions (e.g., when exposed to rainwater) and is
primarily mobilized from the wood through physical transport of dislodgeable particles (e.g., wood
particles). Based on a review of the leaching studies, two key observations support reduced RBA factors
for dislodgeable arsenic. First, the duration of the leaching studies in acidic solutions ranged from 4 to 40
days. This duration is significantly longer than the period of time that food (or ingested dislodgeable
arsenic) remains in the human stomach, i.e., approximately 4 hours (Vander et al., 1994). Thus, the
leaching studies are likely to overestimate arsenic leaching that would occur in the human gastrointestinal
tract. Second, the reported amount of arsenic leached in these studies ranged from 17 to 44%. Together,
these observations suggest that the RBA estimate of 47% for dislodgeable arsenic that is derived from the

dog studies is likely to represent a conservative value. The lower RBA values suggested by the
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preliminary results from the hamster studies (i.e., 10-20%) arc also consistent with the results of the

leaching studies.

The reduced bioavailability of arsenic associated with dislodgeable materials is also consistent
with extensive information in the scientific literature indicating the generally reduced relative
bioavailability of arsenic from soil and other solid matrices, including soil from a CCA treatment site.
Overall, based on rabbit, monkey, dog, and swine studies published in the peer-reviewed literature,
relative bioavailability estimates for arsenic in soil range from near zero to approximately 50%. The
corresponding oral bioavailability for soluble forms of arsenic (i.e., the type of arsenic present in the
epidemiological and animal studies upon which the standard toxicity factors are based) reported in
published in vivo studies is as high as approximately 95%. Resuits from two studies of soil from CCA
wood treatment sites revealed a similarly reduced relative bioavailability of arsenic. In particular, results
from a study in which primates were fed soil collected at a CCA treatment site indicate an RBA value of
16.3% (Roberts et al., 2001).

The chemistry of arsenic in soil also suggests a reduced bioavailability. Arsenic is generally
tightly bound to soils (Cooper, 1990; USDA, 1980). Arsenates, including chromium arsenate, are the
form of arsenic in found in treated wood, released from treated wood as dislodgeable arsenic, and
observed in soil in the vicinity of structures built of CCA-treated wood. Arsenates strongly bind to ferric
hydroxides, which are abundant in soils. Arsenates can also form insoluble complexes with ferric iron,
aluminum, or calcium, all of which are abundant in soil (Cooper, 1990). Unless there are unusual
circumstances, arsenic will remain in the arsenate form. Reducing conditions can yield changes in the
form of arsenic found in the environment; however, such conditions are rare in surface soils. In the
arsenate form, arsenic is in its +5 oxidation state, which is 2 less soluble and less mobile form than
arsenite (As™) (ATSDR, 2000; Masscheleyn ez al., 1991 as cited in Townsend, et al., 2001). In fact,

- arsenite (As™) was looked for and not found in properly treated wood (Nygren and Nilsson, 1993). These
observations, regarding the chemical species of arsenic in soil near treated wood structures, its strong
binding to soil, and its reduced solubility and mobility, all support a reduced biocavailability of CCA-

derived arsenic in soil.

Additional support for the recommended assumptions regarding the reduced bioavailability of

arsenic associated with CCA-treated wood is provided below.
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Bioavailability of Disloedgeable Arsenic

Several studies have assessed the bioavailability of arsenic associated with CCA-treated wood.
These studies have examined the bioavailability and toxicity of arsenic in sawdust from CCA-treated
wood and provide a useful basis for'estimating the relative bioavailability of dislodgeable arsenic. | They
are also the most relevant studies currently available. In these studies, dogs were fed sawdust from CCA-
treated wood (Peoples, 1976; Peoples and Parker, 1979). In the first of these studies, two dogs were fed
sawdust from CCA-treated wood (equal to an arsenic dose of 39 mg/day) for a period of 5 days (Peoples,
1976). Urine and feces samples were collected from these animals on the days when the sawdust was
administered as well as for several days béfore and after this treatment period. Arsenic absorption was
then assessed by comparing the amounts of arsenic excreted in urine with the total ingested arsenic dose.
This comparison yielded an estimate of absolute arsenic absorption of 26% based on data from one

animal and 29% based on data from the other.

A test group using ingested soluble arsenic was not included in the study; therefore, relative
bioavailability cannot be calculated from the study. results. Data presented in Hollins et al. (1979),
however, indicate that absorption of soluble arsenic is similar in dogs and monkeys. As a result, RBA
estimates were derived by comparing the absolute arsenic bioavailability measured i this study with the
soluble arsenic bioavailability estimate for monkeys (68%) observed in a study by Freeman et al. (1995).
This calculation yields RBAs of 38% and 43% for the two animals in this study.

In a second study, a dog was fed sawdust from CCA-treated wood (equal to an arsenic dose of
6 mg/day) for a period of 8 days (Peoples and Parker, 1979). Chemical analyses indicated that the dog
received an additional 0.135 mg/day of arsenic through dietary sources. Comparison of the total arsenic
intake during the feeding period with the amount of arsenic excreted in the urine indicated that
approximately 40% of the ingested arsenic was absorbed. Using the same approach as noted above, an
RBA estimate of 59% was derived. The absorption estimates derived in these two studies are relatively
. similar to each other and are consistent with the range of bioavailability estimates observed for arsenic in
soil, as described below. Thus, these data support use of an RBA value of 47% for estimating the relative

bioavailability of dislodgeable arsenic from CCA-treated wood.

Another recently conducted bioavailability study has administered dislodgeable arsemic to

hamsters via oral gavage (Aposhian, 2001). Initial results from this study support reduced bicavailability
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estimates for dislodgeable arsenic and suggest that the RBA value for dislodgeable arsenic may be in the
range of 10-20%. Moreover, additional animal studies of the bioavai]ability of dislodgeable arsenic have
been designed with input from EPA and other regulatory agencies. These data should be used to derive a

refined estimate of the bioavailability of dislodgeable arsenic.

A single study of dermal absorption of arsenic from CCA-treated sawdust also observed reduced
bioavailability of this material. Specifically, no significant change in urinary arsenic excretion was

observed in a single dog exposed to a test patch of the sawdust for 2 days (Peoples, 1979). -

Finally, while only a few studies have been undertaken to directly evaluate the toxicity of arsenic
in sawdust from CCA-treated wood, the available data do not indicate substantial uptake and adverse
health effects associated with this material. For example, the researchers who conducted the two
bioavailability studies of CCA-treated sawdust reported that no signs of toxicity were observed in the
dogs used in the studies (Peoples, 1976; Peoples and Parker, 1979). Similarly, a teratogehicity study saw
no significant adverse maternal or fetal toxicity (Hood, 1979). In this study, mice were exposed to CCA-
treated sawdust via dermal contact or ingestion in the diet. In a study of mice exposed to treated sawdust
administered in the diet or vig oral gavége, no chromosomal damage or apparent adverse hematological
effects were observed (Graham, 1979). In a retrospective epidemiology study of carpenters in Hawaii, the
'patterns of cancer mortality in this group were compared with cancer mortality in the geﬁeral population
(Budy and Rashad, 1976). In particular, the mortality rates were examined before and after the use of
arsenic-treated wood in Hawaii, including CCA-treated wood. This study observed no adverse health
effects related to the use of arsenic-treated wood. Thus, although these studies do not conclusively
demonstrate an absence of effects from these materials, they also have not observed any significant

adverse health impacts associated with exposure to these materials.

Evaluation of Physical and Chemical Characteristics Influencing the Bioavailability

of Dislodgeable Arsenic

Other factors also support an assumption of reduced bioavailability for dislodgeable arsenic.
First, the chemical process that occurs during wood treatment is designed to bind the CCA in the wood so
that the fixative will persist and prevent deterioration of the wood over a long period of time (Bull, 2001).
As discussed below, data from leaching studies indicate that arsenic is not released from treated wood to

any appreciable extent under normal outdoor conditions (e.g., when exposed to rainwater) (Ziobro, 2000)
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and is primarily mobilized from the wood through physical transport of dislodged particles. Moreover, a
study of the composition of dislodgeable materials suggests that a substantial proportion of the arsenic
observed on the surface of CCA-treated wood is insoluble. Specificalty, an analysis of dislodgeable
surface materials from CCA-treated wood found that arsenic comprised a maximum average value of
0.2% of the surface material on the treated wood and that approximately 94-100% of the surface arsenic
was insoluble in water (Cui, 2001; Osmose, 2001). This finding supports the assumption that the
bioavailability of arsenic present in dislodged materials is less than would be expected based on

consideration of the total measured arsenic concentration.

Studies evaluating the leachability of arsenic from small sized wood particles (e.g., sawdust and
chipped wood) used in some of the leaching studies can provide insights regarding the leachability and
potential bicavailability of dislodgeable arsenic from a CCA-treated structure. To assess the
bioavailability of ingested dislodgeable arsenic, the leaching studies conducted at or near the pH of the
human stomach (pH 1.0-3.5) are more relevant than those conducted at a neutral pH range (pH 5.0-7.5).
These studies are described briefly here.

Murphy and Dickinson (1990} found no change' in the arsenic content of CCA type C wood
subjected to simulated rain at pH 3.0 and pH 5.6. Similarly, Ziobro (2000) found no change in the
amount of fixed arsenic in CCA-treated lumber in a deck exposed for 7 years in Florida. Cooper (1991)
observed that only 2.9 to 6.9% of the arsenic was leached from small CCA-treated wood specimens (with
dimensions of 1 cm x 1 cm x 4 cm) exposed to acidic solutions (at pH values of 3.5, 4.5, and 5.5) for 13
days. In another study, Warner and Solomon (1990} subjected small blocks of treated wood for 40 days
to a citric acid buffered solution at pH 3.5, and to a sulfuric acid solution at pH 2.5. The citric acid buffer
reportedly leached 68% of the arsenic from the blocks. Following up on these results, Cooper (1991)
conducted a similar experiment and determined that the citric acid buffer, not the pH of the solution,
caused the release of arsenic. Warner and Solomon (1990) also reported that sulfuric acid at pH 2.5
released 39.7% of the arsenic after 40 days of digestion. Sulfuric acid is an oxidizing acid and may have
deteriorated the wood itself, enhancing the leaching power of the acidic solution. By contrast, stomach
acid consists of hydrochloric acid, which is not an oxidizing acid. CPSC (1990) performed a number of
experiments to evaluate the leaching of arsenic from treated wood under acidic conditions. In one set of
experiments, 4 days of leaching in HCI at pH 1.0 released 44% of the arsenic from a small piece (32 mg)
of treated wood. Similarly, a nitric acid solution at pH 1.0 leached 43% of the arsenic from a 34 mg piece

of wood in 4 days. In another series of experiments, 17-19% of the arsenic was leached by HCl at pH 1.0
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in 18 days, and 18-31% of the arsenic was released in a nitric acid solution at pH 1.0 after 17 days’
(CPSC, 1990). '

Based on the results of the preceding leaching studies, two key observations support reduced
bioavailability estimates for dislodgeable arsenic. First, the duration of the leaching studies in acidic
solutions ranged from 4 to 40 days. This duration is significantly longer than the period of time that food
or ingested dislodgeable arsenic would be in the human stomach (i.e., approximately 4 hours; Vander ef
al., 1994). Therefore, the results of the leaching studies would be expected to overestimate the amount of
Jeaching that would occur during passage through the stomach. Second, the reported amount of leached
arsenic in all of these studies ranged from 17 to 44% (with the exception of the experiment performed in
citric acid solution). These observations support the 47% bioavailability estirﬁ;té for dislodgeable arsenic

recommended in these comments.
Bioavailability of Arsenic in Soil and Other Solid Matrices

As noted above, the reduced bioavailability of dislodgeable arsenic is also supported by data
indicating reduced bioavailability of arsenic from soil and other solid matrices. Recognition of the
importance of this factor in assessing potential exposures and risks associated with arsenic is reflected in
generic regulatory guidance (e.g., MIDEQ, 2000; WVDEP, 1998; WA Ecology, 1991, 1996; USEPA,
1989) as well as regulatory decisions reached at specific sites (e.g., Gradient, 2000; USEPA, Region 3,
1998: USEPA, Region 8 and MDEQ, 1996; MIDEQ, 1995; ODEQ, 1994). Typically, the selected RBA

values for arsenic in soil have been less than 50% at both the state and federal level.

These regulatory actions have been based on studies of the oral bioavailability of soil-bound
arsenic. Several reviews ;)f these studies have been prepared (e.g., Valberg et al., 1997, Ruby et al.,
1999; NEPI, 2000). The results from the available published arsenic bicavailability studies are
summarized in Table A-1. In all of these studies, soil-bound arsenic has been found to be less
bioavailable than soluble arsenic compounds. Specifically, all of the reported relative bioavailability

estimates for soil-bound arsenic from the peer-reviewed literature are less than 50%.
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Fable A-1
Estimates of Oral Bioavailability of Arsenic in Solid Matrices

Site Sample Type* Test As Cone. Mean Relative Source
Species in mg'keg Bioavailability (%)

Anaconda, MT Residential soil Rabbit 3,900 47 1

Anaconda, MT Residential soil {3) Monkey 410 20 2
Residential house dust (4) 170 28° 2

Mining/Smetlter Sites Soil, sediment, smelter slag, Pig 233 to 17,500 3043 3
and milt tailings (13)

Butte, MT Soil* Rat 626 37.8°

Villa de 1a Paz, Mexico  Mining waste Rat 9,647 12 5

Gelderland, Netherlands  Bog ore soil Dog 339 12°

Sources:

(1} Freeman et al., 1993
(2) Freeman et al., 1995
(3) Rodriguez et al., 1999
(4) Ellickson et al. 2001
(3) Rodriguez et al., 1998
(6) Groen et al., 1994

Notes:

a = Number in parentheses indicates number of sampies.

b = Mean relative bioavailability based on urinanalysis.

¢ = National Institute of Standards and Technology (NIST) standard reference soil.

d = Absolute bioavailability estimate.

¢ = Relative bioavailability estimate derived based on absolute bioavailability estimate for soil from cited study (0.08} and
bioavailability estimate for soluble arsenic (0.68} from Freeman et al., 1995.

As indicated by the studics reviewed above, most of the available data suggest that the
bioavailability of ingested arsenic in soil is less than 50%, which is significantly less than that for
ingested arsenic dissolved in water. In one study conducted by EPA that has not been published in the
peer-reviewed literature, an RBA estimate of 78% was derived for ingested arsenic in soil (USEPA,
Region 10, 1996). In this study, immature swine were fed soil, as well as other metals-containing
materials, collected in the vicinity of a smelter site in Tacoma, Washington. Treated animals were given a
single dose of arsenic, with doses from soil ranging from 0.04 to 0.24 mg of arsenic per kg of body
weight. Arsenic bioavailability was assessed based on arsenic analyses of blood samples and regression
analyses using these results. Although the results of this study suggest that the relative bioavailability of
arsenic in soil can be greater than 50% under some conditions, several limitations in this study weaken.
confidence in the results. In particular, because the regression analyses were based on only three data
points, uncertainty exists in the quantitative significance of these results. In addition, the first blood
sample was not collected from the animals until 15 minutes after the arsenic doses were administered.
Because arsenic is rapidly cleared from the blood, the blood arsenic concentration was likely

underestimated for animals dosed with arsenic intravenously. As a result, the relative bioavailability
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values calculated using the intravenous data from this study are likely to overestimate the actual

bioavailability of the soil-bound arsenic.

The evidence for reduced bioavailability of soil arsenic from in vivo and in vitro laboratory
studies is supported by a study of arsenic exposures in children living in the vicinity of a former copper
smelter. Based on urinary arsenic measurements, actual arsenic exposures from soil were less than those
predicted using standard risk assessment assumptions (Walker and Griffin, 1998; Cohen ef al., 1998).
The relative bioavailability of arsenic in site soils was estimated to be about 20% based on Freeman et al.
(1995). When site-specific relative bioavailability estimates were incorporated into the exposure
calculations, predicted exposures more closely matched observed exposures (Walker and Griffin, 1998;
Cohen et al. 1998).

A few studies are available that have specifically examined the bioavailability of soil arsenic
associated with CCA-treated wood. The results observed in these studies are consistent with the general
results observed in other studies of soil containing arsenic from various sources, i.e., these results suggest
that the bicavailability of CCA-related arsenic from soil or dislodgeable materials is reduced relative to
the bioavailability of dissolved arsenic. Two animal studies have used soil obtained from CCA treatment
sites. In the first study, soil from nine samples collected at a wood treatment site that used CCA was
mixed with water and administered to rats via gavage (Ng and Moore, 1996). The researchers selected
rats for use in these studies because they accumulate arsenic in their blood to a greater extent than other

species, and thus, can serve as a sensitive indicator of arsenic uptake. Results from the test animals were

compared with results from rats administered an equivalent dose of arsenic in an aqueous solution’

containing sodium arsenite or sodinm arsenate, or in wheat flour spiked with calcium arsenite. Blood
arsenic concentrations were measured 96 hours after the arsenic dosing (i.e., the time at which the
researchers state that maximum blood arsenic concentrations‘would be attained). Relative bioavailability
was then estimated by comparing the blood arsenic concentrations observed in the soil group with the
concentrations observed in the other three groups. These calculations yielded relative bioavailability
estimates of 13.4% (relative to sodium arsenite), 32.2% (relative to calcium arsenite), and 38.0% (relative
to sodium arsenate). These results are well within the range of RBA estimates observed in the soil studies

discussed above.

in the second study, five Cebus apella monkeys received oral doses of arsenic in soil collected at

four types of sites, inchiding a CCA wood treatment site (Roberts et al., 2001). Because primates are
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more similar physiologically to humahs than rats, and because the primate study design was stronger and
more comprehensive than the rat study, the data from this study provide a stronger basis for assessing the
relative bioavailability of soil arsenic associated with CCA-treated wood. To estimate the relative
bioavailability of the soil arsenic, urinary excretion of arsenic following dosing with soil was compared to
that observed following an oral dose of an aqueous solution of sodium arsenate. The researchers found
that the pharmacokinetic behavior of the arsenic, including the proportions of arsenic excreted in urine
and feces, was similar to observations made in humans. In this test system, the relative bioavailability of
arsenic in the CCA treatment site soils was estimated to be 16.3%. Arsenic in soil from the other three
types of sites evaluated in this experiment (i.e., an electrical substation, a pesticide application site, and a
cattle dip vat site) also showed reduced bioavailability. Specifically, the relative bioavailability of arsenic
in the soil from the other sites ranged from 10.7 to 24.7%. Again, these results are well within the range
of estimates observed for other studies of arsenic in soil and support the likelihood of reduced

bioavailability of arsenic associated with CCA-treated wood.
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Attachment B

Validity of CSF Estimates for Arsenic Ingestion
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The risk assessment prepared by CPSC staff uses a range of carcinogenic slope factors (CSFs) for
quantifying the potential risks associated with ingestion of arsenic. The range of values reflects different
methodologies used to interpret the available epidemiological data regarding the carcinogenicity of
arsenic ingestion. Specific methodological differences include the carcinogenic endpoints considered, the
model used to extrapolate results observed at relatively high exposures to predict risks associated with
low level exposures, and approaches used to account for background risk levels and arsenic intake from
other sources such as food. The numerical CSF values considered by CPSC range from 0.41 to
23 (mg/kg-day)’, spanning almost two orders of magnitude. This considerable numerical range of values
reflects the substantial uncertainty inherent in efforts to quantify the carcinogenic risks associated with
ingested arsenic and the impacts-of alternative modeling approaches on quantitative potency estimates.
As discussed below, however, available data indicate that all of the CSF values considered by CPSC staff
in their risk calculations are likely to overestimate actual risks associated with arsenic ingestion, and that
the high-end CSF {23 [mg/kg-day]") is implausible, particularly when applied to evaluate potential risks

in U.S. populations with low level arsenic exposures.

The specific CSF values used by CPSC staff in their risk assessment of CCA-treated wood were
derived based on analyses of arsenic toxicity and carcinogenicity conducted by the U.S. Environmental
Protection Agency (USEPA, 2001) and the National Research Council (NRC, 1999, 2001) as part of their
evaluations of an appropriate maximum contaminant level (MCL) for arsenic in U.S. drinking water.
While neither EPA nor the NRC explicitly published alternative CSF values for arsenic as part of these
evaluations, CSF values can be calculated based on risk estimates presented in their reports, i.e., risk
summaries presented in the EPA report and maximum likelthood estimates of cancer-related deaths
presented in the NRC report. It should be noted, however, that the NRC subcommittee never explicitly
endorsed the use of the arsenic unit risk value reflected in its risk analyses. Instead, the subcommittee
notes that, in accordance with its charge, it did not conduct a full-scale risk assessment and risk
characterization for ingested arsenic. Instead, it provided an evaluation of the potential potency of arsenic

intended for use in a "public-health context.”

CPSC staff calculated CSF values based on the EPA assessment ranging between 0.4 and
3.7 (mg/kg-day)”, and a CSF value based on the NRC report of 23 (mg/kg-day)’. (As discussed in more
detail below, it should be noted that the high end CSF estimate calculated by CPSC staff based on the
EPA analyses (3.7 [mg/kg-dayl™) appéérs to reflect an error in the CPSC staff calculations. Correcting
the apparent error would reduce this estimate by approximately a factor of 2, to 1.9 {mg/kg-day]’.) This
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range of CSF values was calculated using essentially the same .set of ¢epidemiological data. The primary
differences in approach resulting in' the broad range of potential CSF values were associated with the
choices made regarding the appropriate compaﬁson populations used to quantify excess cancer risks and
the models used to extrapolate risks at Jow doses based on observations made in populations exposed to
high doses of arsenic. The seclected methodologies also differed in the assumptions made regarding

arsenic intake in the Taiwanese study population from sources such as food and water.

Although CPSC staff treat this full range of possible falues as equally plausible in their risk
analyses, CPSC staff also note "the shortcomings of the available data” when addressing these values
" (CPSC, 2003). As discussed below, these "shortcomings" in the available data result in substantial
uncertainties in all of the CSF values that have been derived for ingested arsenic. Moreover, numerous
factors suggest that the available CSFs are likely to overestimate actual risks associated with arsenic
ingestion at the low levels typically associated with eﬁposure settings such as contact with arsenic from
CCA-treated wood. The high end CSF derived based on the NRC analysis is particularly uncertain and is

inconsistent with available epidemiological evidence.

To calculate a reasonable CSF for arsenic, it is necessary to accurately describe the dose-response
relationship between arsenic exposure and consequent health effects. Often, EPA and other regulatory
agencies develop CSF values using data from animal experiments conducted at high ‘doses and.
extrapolating these results to predict possible human health effects at lower doses. By contrast, for
inorganic arsenic, there are no reliable animal models to assess arsenic carcinogenicity; however, there is
a large body of epidemiological data which has demonstrated an association between arsenic exposure
through contaminated drinking water and a variety of different cancers in humans. While many
epidemiological studies describing the relationship between arsenic and cancer exist in the scientific
literature, only a few have sufficient data and quality controls to be useful for risk calculations. Even
fewer contain a study design that would be useful for assessing potential health risks from low level
exposures to arsenic from CCA-treated wood. In particular, none of the available epidemiological studies
with adeqﬁate sample sizes and quality control procedures demonstrate adverse health effects of arsenic

associated with low levels of exposure (e.g., Kurttio ef al., 1999; Bates et al., 1995).

The primary study used by EPA and the NRC to quantitatively assess cancer risks associated with
arsenic ingestion in their evaluations of the MCL is a large-scale study conducted in Southwestern

Taiwan in individuals exposed to arsenic in drinking water at levels that ranged from 10-1,752 png/L
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(Chen et al., 1985; Chen et al., 1992; Wu et al., 1989).' This study, which has been re-analyzed several
- different times, showed significant associations between arsenic exposure and cancer mortality from lung
and bladder cancer, and weaker associations with cancer mortality from liver and kidney tumors. The
NRC also used this study to derive a unit risk value for arsenic-induced cancer (i.e., a value indicating the
number of excess cases of bladder or lung cancer associated with intake of 1 png/L of arsenic in drinking
water over a 70-year lifetime). The NRC also took into consideration a study by Ferreccio er al. (2000).
This study examined a South American population exposed to arsenic in drinking water (at concentrations
ranging between 1 and 860 pg/L) and established an association between arsenic exposure and lung

cancer.

In general, it is problematic to use these epidemiological studies directly to predict risks posed by
arsenic to U.S. populations (Brown et al., 1997; Chappell et al., 1997; Guo ef al., 1998). For example, as
discussed in more detail below, substantial problems exist in identifying the specific arsenic doses that the
study participants experienced (Brown et al, 1997). There are numerous areas of uncertainty in
evaluating the toxicity and carcinogenicity associated with arsenic exposure based on epidemiological
data (Abernathy ef al., 1999). The principal areas of concern involve defining an appropriate dose-
response relationship, assessing the relevance and applicability of studies conducted in the poor agrarian
society of the Southwestern Taiwanese to the U.S. population, and the uncertainty of the shape of the
dose-response curve at low doses. Moreover, the types of risk levels observed in the Taiwanese and
South American study populations have not been observed in comparable studies conducted in U.S.

populations.

Similarly, available data do not indicate potential carcinogenic risks associated with the
negligible arsenic exposure levels from contacts with structures built of CCA-treated wood or with the
higher exposures experienced by various worker populations contacting CCA-treated wood. For
example, a review by the Florida Physicians Arsenic Workgroup reports that there is no evidence of an
epidemic or cluster of diseases resulting from contact with structures built of CCA-treated wood (FPAW,
2002). Moreover, while some clinical reports suggest an association between health risks (but not
cancers) and high occupational levels of exposures to arsenic from CCA-treated wood, other more
comprehensive studies have not shown increased health risks despite elevated exposures to arsenic from
CCA-treated wood in occupational settings (Budy and Rashad, 1976; Decker et al., 2002). If these
factors are not considered carefully, extrapolating risks for U.S. populations based on data from current

epidemiological studies conducted in Taiwan and South American could overestimate risks for U.S.
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populations. Such extrapolations are particularly likely to overestimate potential risks associated with

arsenic for populations exposed to structures built of CCA-treated wood.

Conservative Elements of EPA and NRC Slope Factor Calculations

While EPA and the NRC differ significantly in their methodologies for deriving a dose-response
relationship for arsenic, certain features that are common to both analyses incorporate conservative
assumptions and uncertainties into the evaluation. These conservative elements include the dose-response
model assumed to extrapolate carcinogenic risks associated with low level arsenic exposures based on the
higher exposure levels experienced in the epidemiological studies used to derive the cancer risk estimates.
Specifically, both EPA and the NRC assumed a linear dose-response relationship for arsenic even at low
doses (i.e., they assumed that no dose of arsenic is without risk). In addition, both EPA and the NRC
only considered the results of the Taiwanese epidemiological studies when quantifying potential arsenic
risks and discounted the results of amalyses conducted in arsenic-exposed populations in the U.S,
Similarly, the EPA and NRC anatyses failed to account for the poor nutritional status of the Taiwanese
study population in a guantitative fashion and to address how this factor might increase their sensitivity to
arsenic toxicity. The effects of these conservative elements mischaracterizes the actual potency of
arsenic. Moreover, these conservatively derived toxicity values are likely to overestimate risks for U.S.
populations where arsenic exposures (e.g., from water and CCA-treated wood) are significantly lower and

nutritional status is better. These conservative assumptions are each discussed in more depth below.
Non-linearity of Dose-response Relationship for Arsenic Carcinogenicity

The statistical models used by EPA and the NRC to quantify cancer risks associated with arsenic
ingestion include the default assumption that the dose-response relationship is linear at low doses. This
assumption implies that even very low dose of arsenic confer some excess cancer risk and that, as the

“dose increases, risk increases in a directly proportional fashion. Careful examination of the biological
principles that govern arsenic toxicity indicate that this assumption is incotrect and that the true dose-
response relationship is likely to be sub-linear or non-linear. Thus, from a toxicological perspective, low
doses of arsenic would be relatively less harmful than higher doses, and may, in fact, be associated with

zero risk.
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A key fact that supports non-linearity for the arsenic dose-response relationship is associated with
the way in which arsenic alters gene expression (USEPA, 1997; Clewell ef al., 1999). Specifically,
arsenic does not interact directly with DNA to produce point mutations, but instead may modify gene
transcription, through one or more indirect mechanisms, including chromosome alterations, changes in
DNA-methylation patterns, and perturbation of key regulatory enzymes. A description of possible
mechanisms of arsenic-induced carcinogenesis is provided below. These mechanisms are not mutually

exclusive and all are consistent with a non-linear dose-response relationship.

. Arsenic has conclusively been shown to induce chromosome damage. Clastogenic
effects in response to arsenic have been observed in both in vivo and in vitro test systems.
Some alterations include chromosomal deletions (Hei et al., 1998), induction of
micronuclei (Noda et al., 2002; Wang and Huang, 1994) and aneuploidy (Vega et al.,
1995). Although chromosomal alterations are only one proposed mode of action of
arsenic carcinogenesis, the NRC concluded that the "most accepted explanation for the
mode of action for arsenic carcinogenicity is that it induces chromosomal abnormalities
without interacting directly with DNA" (NRC, 1999).

. Arsenic affects the methylation status of DNA, which can affect gene transcription. For
example, chronic exposure: of rat skin cells in culture to arsenic caused reduced DNA
methylation with impacts on gene transcription (Zhao et al., 1997). These changes were
associated with malignancy as reflected by the production of tumors when cells were
injected into mice. Additionally, the effect of arsenic on perturbing DNA methylation
may depend on the nutritional status of the affected individual. In particular, individuals
who have diets low in selenium might be more sensitive to arsenic-induced perturbation
of DNA methylation (USEPA, 2001; Slayton et al., 1996; ATSDR, 1998). Conversely,
this mode of arsenic carcinogenesis would not be expected to be a factor in well-
nourished individual.

. Arsenic is known to inhibit enzymes through interaction with thiol-rich groups embedded
in proteins, causing alterations to protein structure and function. In particular, DNA
ligase is inhibited in the presence of arsenic exposure (Li and Rossmann, 1989).
Inhibition of DNA repair enzymes is consistent with a non-linear mode of carcinogenesis,

. Arsenic-induced carcinogenicity may also be induced by modulation of cell signaling
pathways responsible for cell growth. Particularly, exposure to arsenic has been seen to
activate the ¢-Src dependent epidermal growth factor receptor (EGFR) pathway and the
mitogen-activated protein kinase (MAPK) pathway (Luster, 2003). These pathways are
involved in the regulation of cell proliferation. Perturbation of this pathway can result in
unregulated cell growth commonly associated with the effects of tumor promotion.

. Recently, a role has been suggested for the metabolites of inorgamic arsenic (ie.,
monomethylarsinic acid [MMA] and dimethylarsinic acid [DMA}) to generate reactive
free oxygen radicals that can result in DNA damage (Kitchin and Ahmad, 2003; Mass
et al., 2001). As a contributing factor in carcinogenesis, oxidative injury is consistent
with a non-linear mode of action for the purposes of human health risk assessment. A
living organism endures constant oxidative attack. Protective pre-emptive mechanisms,
such activation of anti-oxidants, as well as post-damage DNA repair systems are well
prepared to combat many types of oxidative injury (Sancar, 1994; Modrich, 1994). Thus,
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there likely exists a threshold under which oxidative damage generated by trivalent
organo-arsenicals (e.g., arsenic metabolites) can be counteracted by antioxidants and
DNA repair systems.

. Treatment of human cells with micromolar concentrations of arsenic can induce
protective cellular mechanisms such as the upregulation of glutathione and induction of
heat shock proteins (Del Razo et al., 2001; Schuliga ef al., 2002). These mechanisms
will protect cells from arsenic induced-damage and are also consistent with a non-linear
dose-response relationship.

. Luster (2003) suggests that arsenic acts as a co-mutagen by inhibiting DNA repair. This
mechanism, together with others including those mentioned above, "suggests the
likelihood that the dose-response for arsenic may be non-linear in the low dose region.”

Based on available data including the above proposed modes of action, arsenic does not appear to
be an initiating carcinogen (i.e., the type of carcinogen for which a linear dose-response relationship is
plausible). Instead, arsenic likely acts late in the carcinogenic process as a tumor progressor (Lee et al.,
' 1988; Germolec ef al., 1997). A progressor acts by enhancing (through increased cell proliferation) the
progression to malignancy of already initiated cells (i.., cells which have had some initial DNA damage).
For this enhaﬁcement to occur, the progressor must be present at sufficiently high doses for an adequate
period of time. This conclusion is consistent with that of an expert panel convened by EPA to evaluate
the shape of the arsenic dose-response relationship (USEPA, 1997). The NRC also concluded that "a
sublinear dose-response curve in the low-dose rénge is predicted, although linearity can not be ruled out”
(NRC, 1999).

In addition, there is evidence that low levels of arsenic may have a protective or anti-carcinogenic
effect. For example, subtoxic concentrations of arsenic have been shown to increase viability, induce
stress response genes, alter redox capacity, and induce DNA repair activity in cultured human cells (Snow
et al., 1999). Similarly, chronic exposure to arsenic in cultured rat cells induced resistance to higher
levels of arsenic (Romach et al., 2000). In addition, results in rats suggest that administration of arsenic
alone and in chemical mixtures antagonizes the development of glutathione s-transferase positive foci

tumor precursor lesions in rats (Pott et al., 2001).

Despite the overwhelming evidence that arsenic does not exert its toxicity in a linear fashion,
both the EPA and the NRC have used linear models to estimate human risks at low arsenic exposures.
This decision was made based on a 1996 EPA guidance document which states that, in the absence of
definitive mode of action, a linear default assumption will be utilized. Thus, the decision to reject a non-

linear or threshold model for arsenic carcinogenesis was a decision based on policy and not the most
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biologically plausible model. Because the EPA quahtitative carcinogenic assessment for ingested arsenic
is based on a linear dose-response relationship, and the true dose-response is likely to be non-linear, use
of the CSF generated based on the EPA analyses is likely to overestimate cancer risks at some exposure

levels lower than those experienced in the Taiwanese study.

This conclusion is further supported by results in a number of epidemiology studies in which
associations between arsenic exposure and carcinogenic effects were only observed at the higher exposure
levels present in the study population. For example, the NRC 2001 report discusses five recent studies
that found an association between the occurrence of cancer and exposure to arsenic in drinking water.
Four of these studies show no effects of arsenic until arsenic concentrations in drinking water were
significantly greater than the present drinking water standard (i.e., the maximum contaminant level or
MCIL, of 10 ug/L). The first study notes that the relative risk for urinary cancer and transitional cell
carcinoma in a northeastern Taiwanese study population (based on a National Taiwan comparison group)
was statistically significant only at arsenic concentrations in drinking water greater than 100 pg/L (Chiou
et al., 2001). In the second study (Morales et al., 2000), the original data from Southwestern Taiwan
were re-analyzed. Using a southwestern Taiwanese comparison group, a recalculation of the relative risks
for lung and bladder cancer showed a dose-response relationship only at arsenic concentrations in
drinking water that were greater than 400 pg/l.. In the third study (Lewis et al., 1999), using a general
Utah comparison group, the relative risk for lung and bladder cancer in a population of in Utah was not .
found to be significantly greater than the background risk at mean concentrations of arsenic in drinking
water ranging to 191 pg/L. In the fourth study (Tucker et al., 2001), which was a cross-sectional study of
a population from Inner Mongolia, skin cancer was observed only in individuals exposed to peak

concentrations of 150 pg/L or greater.

Based oﬁ a Chilean population, the fifth study alleges effects at arsenic concentrations in drinking
water that are less than the MCL (Ferreccio et al., 2000); however, as discussed in more detail below, this
study has serious limitations that preclude its use for quantifying risks, e.g., changing exposure group
categories in different analyses. Although the NRC 2001 report acknowledges the limitations of this
study, the NRC nevertheless used the study to quantify estimates for the Chilean study population, and to
justify performing similar extrapolations based on the Southwestern Taiwanese data. Again, this
approach ignores important available data and is likely to lead to overestimates of potential risks

associated with low-level arsenic exposures.
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Failure to Consider Results of Epidemiological Studies of U.S. Populations

As noted above, the EPA and NRC analyses also failed to reflect the results from studies in U.S.
populations which suggest that the incidence of cancer in these groups is less than would be predicted
based on the Taiwanese or South American studies. Several well-designed epidemiological studies have
been conducted in U.S. populations with elevated arsenic exposures; however, in contrast with the
Taiwanese studies, results from these studies have been mostly negative. For example, EPA sponsored
and directed a large-scale study of arsenic diseases that was conducted in several communities in Utah
with elevated arsenic concentrations in their drinking water (Lewis et al., 1999). This study found no
convincing evidence of carcinogenic or noncancer effects at average arsenic concentrations in drinking
water ranging to 191 pg/L, which is significantly greater than the MCL of 10 pg/L. The study included a
high percentage of participants who were members of the Mormon Church. This population generally has
~ lower rates of alcohol and tobacco consumption doe t6 religious beliefs. As a result, measures of lung
and bladder cancers from this study are minimally confounded by use of alcohol and tobacco. While the
Lewis et al. study has some limitations, it possesses many strengths, includiﬁg better exposure history

~ information for study participants than has been available for other studies.

Furthermore, several other studies of U.S. populations have also failed to identify a relationship
between arsenic exposure and increased cancer risks (Moore ef al., 2002; Tollestrup et al., 2002; Valberg
et al., 1998; Bates et al., 1995; Engel and Smith, 1994; Morton et al., 1976). These studies have
examined bladder, lung, and skin cancer ris'ks_, including both childhood and adult exposure petiods, for
populations with elevated arsenic exposures (e.g., with arsenic drinking water concentrations as high as
400 pg/L). The results from these studies thus present the possibility that no diseases associated with
arsenic exposure have occurred at exposure levels typical of U.S. exposures. This finding suggests that
the number of cancer cases reduced in the U.S. as the result of reducing any already low level arsenic
exposures (e.g., vig arsenic in drinking water or associated with contacts with CCA-treated wood
structures) may be unrecognizably small or nonexistent. The results of this and other studies of U.S.

populations are discussed in more detail below.

The advantage of analyzing arsenic-induced cancer effects in U.S. populations is apparent. Using
results obtained from more relevant study populations avoids the many confounding factors that distort
extrapolation of results observed in populations residing in areas of the world that differ significantly

from U.S. populations in characteristics such as their nutritional status and other aspects of their lifestyle.
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Using study populations that have similar diets, a higher standard of living, and are exposed to levels of
arsenic that are of current concern in the U.S. will generate a more realistic picture of anticipated risks for
U.S. populations. These factors should be considered when selecting a CSF for estimating potential

cancer risks and when interpreting the risk estimates derived from using specific CSF values.
Failure to Consider Role of Nutritional Status in Susceptibility to Arsenic Carcinogenicity

Studies of arsenic-exposed populations in Taiwan and India provide evidence that nutritional
deficiencies enhance responsiveness to arsenic (Mazumder et al., 1997; Mazumder et al., 1998; Hsueh
et al., 1997). For example, in an Indian population exposed to arsenic in their drinking water, individuals
who were 80% below the standard body weight for their age and gender had an increased prevalence of
skin keratoses, a condition associated with arsenic exposure (Mazumder et al., 1998). The role of
malnourishment in enhancing susceptibility to arsenic has a mechanistic explanation. Believed to be an
important detoxification pathway for inorganic arsenic in the body, methylation is dependent on the
availability of methyl donors groups (e.g., methionine, choline, and cysteine). Arsenic has also been
shown to be methylated nonenzymatically by methylvitamin B, and glutathione (Zakharyan and
Aposhian, 1999). Poor nutritional status (such as 2 diet low in protein, selenium, or vitamin B;) may
result in a reduced ability to detoxify arsenic (NRC, 1999; Slayton et al., 1996; Kitchin, 2001).

As another example, in a case/control study in Taiwan, a synergistic interaction for risk of
ischemic heart disease was reported between low serum carotcne levels and consumption of water
containing arsenic (Hsueh er al., 1998)." Lower serum beta-carotene levels were also found to be
associated with increased skin cancer risks (Hsueh ef al., 1997). These findings suggest that inadequate

carotene intake and/or overall poor nourishment increases susceptibility to arsenic-related health effects.

Therefore, populations with severe malnutrition (such as the Taiwanese and Indian populations
exposed to elevated concentrations of arsenic in their drinking water) may have a higher susceptibility to
the adverse effects of arsenic than people living in the United States, where such severe malnutrition is
unlikely to occur. As noted by EPA, "there is a concern of the applicability of extrapolating data from the
Taiwanese to U.S. populations because of different background rates of cancer, possibly genetically
determined, and differences in diet other than arsenic (e.g., low protein and fat and high carbohydrate)”

(USEPA, 2001). Individuals in the U.S., who are generally well nourished, are likely to be less

! Alpha- and beta-carotene are antioxidants found in many fruits and vegetables.
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responstve to arsenic than individuals from other, less developed nations. Again, this factor increases the
likelihood that quantitative risk estimates derived based on data from study populations where
malnutrition was a significant concern (e.g., the Taiwanese study population) will overestimate actual

risks in typical U.S. populations.
Deficiencies in Procedures Used to Derive Specific CSF Estimates

Although EPA and the NRC used some of the same information and considerations when
estimating the carcinogenic potency of low level arsenic exposures, many of the assumptions applied in
the analyses differed. In its analysis of benefits associated with adopting a new MCL for arsenic in
drinking water (USEPA, 200!), EPA developed both lower- and upper-boﬁnd estimates of excess risk
associated with a variety of arsenic concentrations in drinking water. Based on these risk estimates
presented by EPA, CPSC staff calculated lower- and upper-bound CSFs for arsenic ingestion of
0.4 (mg/kg-day)' and 3.7 (mg/kg-day)’. As noted above, examination of CPSC staff calculations
suggests that the upper-bound value may be in error and may, in fact, be 1.9 (mg/kg-day)”’, based on the
procedures applied by CPSC staff. This range reflects use of different assumptions regarding variations
in U.S. water consumption rates and total estimated arsenic intakes in the Taiwanese population. The
NRC reanalysis of the same data was used by CPSC staff to estimate a much greater CSF value of 23
cancer cases per mg/kg-day, suggesting that the carcinogenic potency of ingested arsenic is 6 to 60 times
greater than indicated by the EPA analyses (NRC, 2001). While the NRC considered alternative
methodologies to calculate arsenic potency, they did not present their estimates as a range. Instead, only
the risks associated with their preferred approach were presented. The substantial discrepancy between
the EPA and NRC values is based on a number of factors that must carefully be considered when using
the results of the EPA and NRC risk analyses to assess potential carcinogenic risks associated with
arsenic ingestion. Differences in the analyses are discussed below. These differences indicate that, while
the CSF values resulting from EPA analyses reflect many of the conservative elements discussed above,
by comparison with the NRC evaluations the EPA values reflect a more reasonable and scientifically-

sound approach for estimating the carcinogenic potency of ingested arsenic.
Studies Used to Calculate Cancer Risks

As mentioned above, both EPA and the NRC based their risk analysis on studies of Taiwanese

populations with elevated arsenic concentrations in their drinking water (Chen et al., 1985, 1992; Wu
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etal., 1989). In particular, the Chen et af. (1992) study included extensive data collection and
information on multiple cancer endpoints. Data regarding cancer mortality and arsenic concentrations in
well water samples were collected from 42 villages in southwestern Taiwan from 1973-1968. This data
collection program provided ample data to establish a significant relationship between arsenic intake and
deaths due to bladder and lung cancers. The central shortcoming of this study was that it was an ecologic
assessment that attempted to correlate median arsenic concentrations in well water to cancer incidence in
the villages. This approach is problematic because a specific individual who developed cancer is unlikely
to have been exposed to the median arsenic concentration. Instead, such individuals are more likely to

have been to exposed to bigher arsenic concentrations in the more contaminated wells.

As a result, the doses for the studied individuals were imprecisely characterized. For example, in
one of the villages, the median arsenic concentration measured in the well water samples was 30 pg/L;
.however, the range of concentrations observed in the five wells sampled in that village ranged from
10 pg/L to 770 pg/L (with specific concentrations for the sampled wells of 10 pg/L, 10 pg/L, 30 pg/L,
259 pg/L, and 770 pg/L). Observed cancer cases in this village are more likely to be associated with the
exposures to the wells with the higher concentrations (i.e., 259 ug/L or 770 pg/L) rather than with the
wells with the lower concentrations (i.e., 10 pg/L or 30 pg/L). It is not possible to develop a reliable and
accurate dose-response relationship from this information because of the uncertainties inherent in the
available exposure data. Therefore, while the Taiwan studies provide qualitative evidence of a
relationship between arsenic ingestion and cancer risk, these studies do not provide definitive support for

developing a quantitative carcinogenic potency value.

As noted elsewhere in these comments, even if the Taiwanese data were more applicable for
establishing a quantitative dose-response relationship for Taiwanese populations, other factors indicate
that the data derived from the Taiwanese population do not provide an appropriate basis for quantifying
arsenic-related risks in the U.S. First, the standard of living in the southwestern Taiwanese study region
was considered to be below average for Taiwan and is not comparable to the typical U.S. standard of
living. Most of the study population subsisted on a diet consisting primarily of sweet potatoes and rice,
-with limited intake of fresh vegetables and animal protein (Wu et al., 1989). As discussed above, this
confounding variable of nutritional status may have greatly contributed to the excess cancer risk observed
in the studied population. Second, the arsenic concentrations in drinking water that the Taiwanese were
exposed to were very high (i.e., ranging from 10 pg/L to 1,752 mg/L). As a result, only a small fraction

of the studied individuals were exposed to arsenic concentrations that are relevant for exposures in the
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U.S. Lifetime exposure to arsenic associated with CCA-treated wood is expected to be even less than that
associated with drinking water in the U.S. Thus, the discrepancy between the arsenic exposures
experienced by the Taiwanese study population and those that are likely to occur for the U.S. population
of interest is even greater when assessing potentiai risks associated with contacts with structures built of
CCA-treated wood. Because toxicological and epidemiological data suggest that the dose-response curve
for arsenic carcinogenicity is non-linear, the differences between the exposure levels of the Taiwanese
and U.S. populations require particular attention when attempting to extrapolate potential risks for U.S,

populations based on the Taiwanese data.

Both EPA and the NRC also identified additional limitations in the Taiwanese study and
subsequent analyses. Specifically, both EPA and NRC recognized that the data analyses presented in the
original study were insufficient for drawing conclusions regarding potential risks for a U.S. population
because these analyses did not account for arsenic exposure sources other than arsenic in drinking water
(e.g., arsenic in food and air). Also, EPA and the NRC noted that the original data analyses used an

unreliable comparison control population to model the study data.

In addition to the Taiwanese study, the NRC subcommittee also examined a study of arsenic
exposures in three regions in Chile as a potential source of information regarding the dose-response
relationship between arsenic in drinking water and health effects (Ferreccio et al., 2000). In selecting this
study for evaluation, the NRC identified the following advantages of this study: adequate nutritional
status of the participants, unbiased assessment of exposure, a lengthy exposure period, and consideration
of confounders such as smoking in the analysis. In contrast with the ecological design of the Taiwanese
study, NRC also noted that the Chilean study used a case-confrol approach. Despite these study
advantages, this study also has significant limitations that raise serious concems regarding the NRC's use
of the study to quantify risks associated with low level exposures to arsenic. As detailed in a recent
review (Mandel and Kelsh, 2001), the weaknesses of this study include inconsistencies in how doses were
estimated and how cases and controls were selected. Specifically, the selected dose ranges vary in
different analyses and the numbers of individuals included in the control groups differed from the
numbers intended in the study design. Some of these weaknesses are commonly found in case-control
studies. The authors themselves observe that the control selections could bias the study results, with risks
being overestimated at low arsenic levels and underestimated at high arsenic levels. Thus, it is
inappropriate to use this study in a quantitative manner. In choosing to evaluate the Ferreccio et al. study,

the NRC analysis did not significantly alter the dose-response relationship for arsenic and lung cancer.
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Instead, consideration of this study qualitatively confirmed the dose-response relationship between

arsenic exposure and cancer that was observed in the Taiwan studies.
Choice of Cancer Endpoint

Both EPA and the NRC used lung and bladder cancers as health effect endpoints to calculate the
carcinogenic potency of arsenic. This approach reflects a departure from earlier analyses conducted by
both EPA and the NRC which had previously used skin cancer as the principal carcinogenic endpoint.
This decision was rationalized by stating that internal caners were a more sensitive endpoint and a greater

health concern, especially in the US.
Model Choice

Accurately quantifying potential health risks depends on both the quality of the data used to
assess the risks and the model selected to estimate risk levels. Both EPA and the NRC relied heavily on
the data obtained from the southwestern Taiwanese studies. Both organizations reviewed a number of
potential approaches for statistically modeling the empirical data and extrapolating the resuits observed at
high exposure levels to estimate the potential risks expected at low doses. As discussed earlier, based on
policy considerations, both organizations chose to apply a linear approach to estimate potential effects at
lower exposures despite substantial evidence that arsenic does not directly interact with DNA and, thus,
arsenic-induced carcinogenesis may have a threshold or may best characterized by a sublinear dose-

response curve.

When assessing the form of the dose-response relationship for arsenic, both EPA and the NRC
reviewed an article by Morales et ol. (2000). This article reanalyzes the data from the Taiwanese study
using 10 different mathematical models, which were applied using three different comparison
populations. For its risk calculations, EPA used the exhaustive statistical analyses of the Taiwanese data
presented in Morales et al. (2000), as further reanalyzed by EPA. NRC also considered the statistical
analyses and data presented in Morales et al. (2000), but expanded its analyses to consider lung cancers
and models that were not originally considered in the Morales study. Specifically, NRC explored models
that included either linear or quadratic dose terms, whereas Morales ef al. (2000) only considered

exponential linear and exponential quadratic dose terms.
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These models differ significantly in the way they fit the Taiwanese data. Only one model that
was originally applied in the Morales analyses permitted non-linearity at low dose arsenic exposures, i.e.,
the multistage-Weibull model (MSW)}. In the examples provided in the original Morales et al. article and
in NRC's subsequent work, the nonlinear models performed as well as or better than linear models
according to the various measures of fitness that were examined (e.g., Akaike Information Criteria (AIC)
and Bayesian Posterior Model Probabilities (PMP)). In fact, statistical tests comparing the PMPs would
be unable to distinguish between several of the best fitting models, which frequently included the MSW
model. Thus, the 'analysis by Morales et al. (2000} shows that the dose-response relationship at low doses
of arsenic is highly unstable and that this relationship is poorly described by a linear model. Both the
EPA and NRC reports acknoﬁfiedge the instability of the simply linear model. As previously described,
there is a scientific basis for employing other models that are non-linear and which would likely indicate
lower risks than those presented in NRC (2001). At a minimum, because of the uncertainty regarding the
comparison populations, the instability of the model fits, and the relative equivalence of various proposed
models in fitting the data, the NRC and EPA reports should have considered multiple plausible model
foﬁns simultaneously to establish a range of valid dose-response relationships and, therefore, a more
comprehensive range of potential doses of concern. Instead, EPA's and NRC's characterization of the
range of valid dose-response relationships has been distorted by their focus on thoroughly describing a

single functional form.

There are two differences between the functional fﬁrm of the dose-response relationship for
arsenic as described by EPA and NRC. As described below, the first difference is the choice of a
comparison population. The second difference relates to the shape of the dose-effect relationship.
Following the example of Morales et al. (2000), EPA assumed an exponential linear dose-effect
relationship. This choice implies the use of a multiplicative model. .In contrast, NRC departed from any
example presented by Morales ef al. (2000) and assumed a linear dose-effect relationship. This choice
implies an additive model. All of the remaining aspects of the dose-response model were identical
between the modeling approaches selected by EPA and NRC. These model elements included: the
regression methods used to fit the data to the model, the transformations of the dose term, and the age
effect. The dose-response model elements selected by EPA and NRC are compared in the following
table.

‘ Table B-1
Summary of EPA and NRC Model Elements
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Terminology EPA, 2001 NRC, 2001
Regression Method Poisson Poisson
Comparison Population  None Southwestern Taiwan
Age Effect hy(t) Quadratic Quadratic
explag+at+at) exp(ag+a t+ast’)
Dose Transformation Linear Linear
: x=pg/l x=pg/L
Model Choice Multiplicative Additive
Dose effect g(x) Exponential Linear Linear
exp(8x) Bix

Comparison Population

One of the major reasons that the original analysis by Chen et al. (1992) was inconclusive was
because background cancer rates for all of Taiwan were compared with the cancer deaths observed in the
study regions with elevated arsenic concentrations in their drinking water. This approach inherently
assumes that the baseline cancer risks in the southwestern Taiwan study population are the same as those
for populations residing in the more urban areas of Taiwan. In addition, the use of an external
comparison population by Chen and co-workers assumes that arsenic exposures in areas of Taiwan that
are not within the study arca are essentially zero. Both of these assumptions are problematic and will lead

to overestimates of the carcinogenic potency of ingested arsenic.

According to Morales et al. (2000), the choice to use an internal control population (i.e., a
comparison group from within the study population) rather than an external control population (ie., a
comparison group selected from outside the exposed group of interest) substantially effects the shape of
the exposure-response relationship for arsenic. In fact, in many cases, choosing an extemnal comparison
population causes the dose-response curve to appear supra-linear, 7.e., exposures to low doses of arsenic
would be expected to result in proportionately more cancer deaths than exposures to high doses. This
model prediction is inconsistent with the likely mode of action of arsenic carcinogenicity and with the
results of numerous epidemiological studies that have shown no adverse health effects from exposure to

arsenic at low doses.

For its ultimate risk analyses, EPA chose to use a linear model (Model 1 from the Morales study)
that did not compare the observed cancer mortality to an external control population (USEPA, 2001). As
noted above, this decision was based on the observation that use of external comparison populations
resulted in a supra-linear dose-response relationship which the EPA correctly assessed was biclogically

implausible. By comparison, the NRC selected an external control population, stating that the cancer
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rates for the southwestern study region and Taiwan as a whole do not differ significantly when
normalized for arsenic exposures. This approach ignores differences that exist between urban and rural
areas of Taiwan with respect to education, health care access, and diet. The NRC notes that the supra-
linear dose-response relationship is probably an artifact of poor data collection and inability to control for

confounding factors.
Drinking Water Intakes in Tajwan

The carcinogenic potency of arsenic that is estimated based on the Taiwanese studies is sensitive
to the total arsenic intake of the study participants. The primary source of arsenic intake that was the
focus of the Taiwanese studies was direct intake resulting from consuming drinking water containing
elevated arsenic concentrations. The study populations also were exposed to additional arsenic from
specific components of their diet (e.g., rice and yams) and from the use of arsenic-containing water in
cooking. Both EPA and the NRC assumed that the average Taiwanese study participant would drink
relatively more water than a citizen of the U.S. EPA assumed the average Taiwanese male would
consume 3.5 L of water per day while a female would ingest only 2.0 L/day. The NRC subcommittee
assumed an average water intake of 2.2 L/day for both males and females. This element of the NRC
approach would tend to increase the estimated carcinogenic potency of ingested arsenic relative to the
EPA calculations because a smaller amount of ingested arsenic was associated with the observed

carcinogenic effects.

If arsenic exposure sources (other than drinking water) are not correctly accounted for, the arsenic
dose that the Taiwanese study population experienced will be underestimated. As a result, the risks
associated with arsenic exposures will be overestimated. The original analyses presented by Chen et al.
(1985) were criticized because food-borne arsenic was not accounted for when estimating arsenic doses.
This omission was particularly problematic for this study because the primary food staples of the
Southwestern Taiwanese study population (i.e., rice and yams) can take up relatively large amounts of
arsenic during cultivation. Schoof et al. (1998) estimated that yam and rice consumption in this area of
Taiwan may contribute more than 50 pg of arsenic per day to an individual's arsenic intake. In addition,
rice and yams can take up arsenic from water used in the cooking process. To accurately determine

arsenic intake, this additional water intake should be characterized and added to the total arsenic dose.

To account for arsenic in the diet, the NRC suggested that a correction factor of 30 pg/day be

added to the total arsenic dose for an individual. This adjustment was intended to include the water used

132603sb B-16 Gradient CORPORATION




to cook the food as well as the food itself. In light of the estimates presented in Schoof et af. (1998),
- EPA’s assumption is likely to significantly underestimate arsenic intake associated with arsenic in food
sources and arsenic uptake from water during cooking. By contrast, EPA took a more reasonable
approach when developing a lower-bound estimate of arsenic risk. To account for water absorbed into
food during cooking, EPA assumed that 1 L of water should be added to both male and female water
consumption (bringing the total water consumption to 4.4 L/day for males and 3 L/day for females). EPA

also assumed that an additional 50 g per day was available for ingestion in raw food.

EPA's approach for accounting for arsenic in the diet has more scientific merit as it mncorporates
available data regarding food-borne arsenic intake values for the Taiwanese study population and also
makes adjustments for water absorbed during the cooking process. Because the NRC is likely to have
underestimated the amount of dietary arsenic intake for the Taiwanese study population, their approach
will underestimate the total arsenic intake for the study population and consequently will overestimate the

carcinogenic potency of ingested arsenic, particularly at low doses.
Overall Comparison of the EPA and NRC Approaches

In almost all of its assumptions, the NRC took a very conservative approach towards assessing
the carcinogenic potency of ingested arsenic. These choices led to risk estimates suggesting a CSF of
23 (mg/kg-day)”’, a figure that ignores applicable biological data and relies upon unsubstantiated
ecological data. This unreasonably inflated value arises from a variety of sources. Most importantly, the
use of an external comparison population for determining likely baseline cancer rates in the study
population distorted calculations of excess cancer risks associated with arsenic exposure. In particular,
choosing a large external population and imposing a linear constraint on the dose-response model greatly
enhanced the steepness of the apparent dose-response relationship between arsenic and cancer mortality.
- In addition, the Taiwanese intake of arsenic from food and cooking water was underestimated, causing
the associated value for the carcinogenic potency to be overestimated. EPA’s analyses of arsenic
carcinogenicity also included many conservative elements, e.g., focusing solely on linear dose-response
models and overlooking adjustments for nutritional deficits in the Taiwanese populations. Overall,
however, EPA's modeling efforts were more scientifically sound and better reflect currently available

information.

Overall, the range of CSFs derived from the analyses of EPA and the NRC differed by a factor of

almost 60-fold. This discrepancy is not simply a reflection of any variability or sensitivity in the analysis,
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but instcad represents important and incompatible differences in scientific and mathematical
methodologies. By accepting both analyses unconditionally, CPSC staff significantly misrepresent the
uncertainty surrounding the carcinogenic potency of ingested arsenic. CPSC staff expressly state that
their rationale for electing to use both analyses is that " both quantitative assessments by the EPA (2001)
and the NRC (2001} are reasonable and appropriate.” In fact, in light of the substantial uncertainties that
exist in quantifying the carcinogenic potency of ingested arsenic, both assessments are likely to
overestimate the potential carcinogenic risks associated with low-dose arsenic exposures in the U.S.
Moreover, the CPSC staff analysis corresponds to a quantitative CSF value that is implausible and reflects
numerous flawed assumptions which should preclude its use in quantifying potential risks associated with

typical U.S. exposures to ingested arsenic.

Apparent Error in CPSC Staff CSF Calculations

As noted above, review of the CSF values derived by CPSC staff based on the EPA and NRC risk
analyses suggests that the CSF calculated based on the upper-bound EPA risk estimates reflects a
calculation error. This review suggests that the value calculated by CPSC staff is 2-fold greater than the
actual value and should be 1.9 (mg/kg-day)”’ rather than 3.7 (mg/kg-day)”’ as indicated by the CPSC staff
report. When combined with the uncertainties indicating that the high-end CSF applied by the CPSC staff
in their risk analyses is unsuitable for risk calculations, correction of this error indicates that the high-end
CSF value that CPSC staff should use in their risk calculations should be reduced by a factor of 12, from
23 (mg/kg-day)” to 1.9 (mg/kg-day)’. This change would reduce the corresponding risk estimates by a

similar amount. The basis for these conclusions is described below.

In its January 22, 2001 Final Rule regarding arsenic in drinking water, EPA reported a range of
cancer incidence risks for U.S. populations associated with various options for drinking water MCLs.

EPA derived this range of risks based on the following considerations:

. Risks were estimated for bladder and lung cancer combined, males and females
combined.

. Cancer risks were calculated for MCL options of 3, 5, 10, and 20 pg/L.

. Risks were calculated for two estimates of "community tap water” ingestion:
> Mean exposure level (i.e., 1 L of water intake per person per day)
> 90" percentile exposure level (i.e., 2.1 L of water intake per person per day)
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Alternatively, risks were also calculated for two estimates of "total water” ingestion,
which includes sources such as bottled water. The daily "total water" mmgestion was
estimated as 1.2 L for the mean exposure level and 2.3 L per person per day for the 90™
percentile exposure level.

. Upper- and lower-bound cancer risks for each combination of i) MCL option, #i} type of
drinking water ingestion, and i7i} quantile of the exposure level, included adjustments for
food and cooking water intakes in the Taiwanese diets. These adjustments decreased the
cancer risk estimate for the U.S. population, yielding the lower-bound estimate. Upper-
bound estimates were calculated by omitting the adjustments for arsenic in food and
cooking water.

EPA defines the CSF as an upper bound on the increased risk of cancer incidence resulting from a
lifetime of exposure to an agent. CSF values are usually expressed in units of the proportion of a
population affected per mg/kg-day of exposure. In presenting these risks in its docurnentation, EPA never
explicitly states the CSFs that were used to calculate the risk estimates for U.S. populations. By
reapplying the particular assumptions used to estimate the range of cancer risks for U.S. populations,

however, the range of CSFs may be derived using the following equation:

Equation 1: Derivation of Carcinogenic Slope Factor from EPA Estimates of Risk Associated with
Various MCL Options

{ MCL-
CSF = RISK + (_Q_EJ ,

where:

CSF = earcinogenic slope factor (in units of [ug/kg-day]™)

RISK = lifetime cancer risk for a population exposed at a particular MCL (unitless)
MCL = arsenic concentration in drinking water assumed in deriving a specific estimate of RISK

(in pg/L),
IR = drinking water ingestion rate for a given exposure level (i.e., the mean vs. 90® percentile)
. and water type (i.e., community tap water vs. total water) (in L/day)
BW = average adult body weight (in kg).

In their assessment of cancer risks associated with exposures to arsenic from playground
structures built of CCA-treated wood, CPSC staff calculated CSFs based on EPA's analysis that ranged
from 0.4 to 3.7 (mg/kg-day)'. CPSC staff describe this range as based on EPA's risk estimates at a
specified MCL, for either community tap water or total water ingestion, for either the mean or the 90™
percentile exposure levels, and as reflective of both upper- and lowér-bound estimates. CPSC staff do not

provide the details of their calculations. To derive this range of values, however, CPSC staff must have
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employed assumptions regarding average adult body weight and water ingestion rates, presumably

equivalent to what EPA employed in its original risk estimates.

If one assumes, as EPA indicates, that an average adult weighs 70 kg, that mean and 90"
percentile "community tap water" intakes are 1 and 2.1 L/day respectively, and that the mean and 90%
percentile "total water” intakes are 1.2 and 2.3 L/day respectively, one cannot reproduce the full range of
values for the CSF derived by CPSC staff. Applying these assumptions, Tables 1 and 2 summarize
calculations based on EPA's 16wer and upper-bound risk estimates, for either community tap water or
iotal water ingestion, for both mean and 90 percentile eprsure levels. The CSFs derived in this way
range between 0.4 and 1.9 ('mg/kg/day)"l. Two examples of these derivations (both assuming ingestion of

total water) are also described in detail, using the framework established in Equation 1.

Table B-2
Summary of Lower-Bound Calculations of Arsenic CSF,
Using EPA 2001 Data

Drinking Water Exposure Level Mean 90™ Ytile

- Water Type Community Total {Community Total
MCL (ug/L) 10 10 10 10
Risk @ MCL 5 5 4 g 7]

(USEPA, 2001, Table IILD-2(5)) 6.30xi0” 7.60x107} 1.32x10 S4xlor
Ingestion Rates (L/d) 1.0 1.2 2.1 23
Adult body weight (kg) 70 70 70 70
CSF (mg/kg/d)! ' - 044 0.44 0.44 0.47
Table B-3
Summary of Upper-Bound Calculations of Arsenic CSF,
Using EPA 2001 Data
Drinking Water Exposure Level Mean 90™ %tile
Water Type Community Total [Community Total
MCL (pg/L) 10 10 10 10
Risk @ MCL -4 4 10-4
4Ix1 g 5.2 .09x10*
(USEPA, 2001, Table ILD-2(z)) ** X170 299510 3T 60551

Ingestion Rates (L./d) 1.0 1.2 2.1 23
Adult body weight (kg) 70 70 70 70
CSF (mg/kg/d)" 1.69 1.74 1.74 1.85
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Example 1: Lower-bound CSF, for Mean Level of Exposure to Total Water

Using the data in Table 1, this CSF is calculated as follows:

10ug/L-1.2L/ day
T0kg

CSF, =7.6x107° +[ J =0.00044(g / kg / day)™ = 0.44(mg kg ! day)"

Therefore, based on EPA’s risk estimates, the CSF for the lower-bound estimate of the mean level of
exposure to total arsenic in all sources of water is 0.44 (mg/kg/day)’. This value is virtually identical to

all estimates of the lower-bound arsenic CSF, regardless of water types or drinking water exposure level,
Example 2: Upper-bound CSF, for the 90 Percentile Level of Exposure to Total Water

Using data in Table 2, this CSF is calculated as follows:

10ug/L-2.3L/day
T0kg

CSF, =6.09x107* —:-[ J =0.0019(pg / kg /day)" =1.9(mg/kg/day)"

Therefore, based on EPA’s risk estimates, the CSF for the upper-bound estimate of the 90" percentile
level of exposure to total arsenic in all sources of water is 1.9 (mg/kg/day)’. This value is slightly greater
than all other estimates of the upper-bound arsenic CSF, regardless of water types or drinking water

exposure level.

Although the documentation provided by CPSC staff does not specifically describe their CSF
calculations based on EPA's 2001 risk estimates, CPSC staff appear to have erroneously used the mean
"community tap water" and mean "total water” intakes of 1 and 1.2 L/day, respectively, to derive the CSF
estimates for both the mean and the 90" percentile levels of exposure. Thus, the calculation of the CSF
based on the lower-bound risks in the mean exposed population is approximately correct, but the CSF
based on the upper-bound risks at the 90" percentile of exposure is overestimated by almost two-fold.
Thus, it seems that the risks associated with this 90" percentile exposed population were accounted for;
however, their actual increased water consumption was not. Table 3 summarizes the assumptions that
CPSC staff appear to have used in generating CSF estimates based on EPA's risk analyses. Table 3 also

shows the resulting apparently erroneous CSFs.
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Table B-4
Potential CPSC Staff Calculation of Lower- and Upper-Bound CSFs,

Using EPA 2001 Data

Drinking Water Exposure Level Mean (Lower Bound) [ 90" %tile (Upper Bound)
Water Type Community Total |Community Total
MCL (pg/L) 10 10 10 10
Risk @ MCL 6.30610° 1% 523107 60 -4

(USEPA, 2001, Table ILD-2(a) > %10 7-60x107| 5.23x1 010
Ingestion Rates (L/d) 1.0 1.2 1.0 1.2
Adult body weight (kg) 70 70 70 70
CSF (‘Ll%/kg/d)'] 0.44 0.44 3.66 3.55

Based on this review, the correct values for the range of CSFs that are mmplicit in EPA's 2001

presentation of upper- and lower-bound risks from exposure to arsenic should range from 0.44 to 1.9

(mg/kg/day)”.
Lack of Evidence of Elevated Cancer Risk in U.S. Epidemiological Studies

Several well-designed epidemiological studies have been conducted in U.S. populations with
elevated arsenic exposures; however, in contrast to the Taiwanese studies, results from these studies have
been mostly negative.” Table B-2 summarizes findings from the best available epidemiological studies of
U.S. populations with elevated arsenic exposures, including two with high childhood exposures. Short
descriptions are also provided below for several of the more recent, larger studies. Despite the existence
of elevated arsenic exposures in these populations, these studies do not show evidence of increased excess
bladder, lung, or skin cancer risk associated with arsenic exposures in U.S. populations. These studies
provide evidence that ingestion of arsenic in drinking water—at the levels found in the U.S—is unlikely

to cause cancer. Concentrations that are considered to be elevated arsenic exposures among U.S.

2 Two recent European studies of chronic arsenic exposure (Kurttio-ef al., 1999; Buchet and Lison, 1998} also provide little or no
evidence of increased lung and bladder cancer risks; however, both of these studies have significant limitations. Specifically,
Kurttio ef al. conducted a population-based case-cohort study in Finland of 61 bladder cancer and 49 kidney cancer cases
examining low concentrations of arsenic in drinking water (i.e., typically less than 0.5 pg/L). These researchers reported no
association between arsenic exposures via drinking water and kidney cancer; however, increased bladder cancer risks were
observed for smokers at higher arsenic exposure levels. Chance observation and/or unmeasured bias has been cited as a possible
explanation for these findings (NRC, 2001), given the smail number of cases. Possible exposure misclassification error is also
thought to play a role in these observations because the study failed to account for dietary arsenic exposures that likely would
have contributed to total daily arsenic intakes. Buchet and Lison conducted a broad ecological study of Belgian populations with
moderately increased arsenic intakes {Z.e., 0.3 pg/m? in air and 20-50 pe/L in drinking water). These researchers, concluded that
their study failed to identify an effect of arsenic exposure on cancer mortality. Potential sources of bias in this study include
confounding, as-well as the use of questionable geographic comparison populations.
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populations are substantially less than those of the Taiwanese and South American populations where
excess lifetime bladder, lung, and skin cancer risks have been observed. As a result, these U.S.
epidemiological studies support the nom-linearity of the arsenic dbse—response relationship and are
suggestive of a possible threshold for arsenic carcinogenicity. Furthermore, as discussed in more detail
below, ﬁndings from these studies indicate that the use of a CSF based on studies of cancer occurrence
(i.e., bladder, lung, and skin) in highly exposed Taiwanese populations is likely to overestimate arsenic-

related cancer incidence in the United States.
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Summary of Lewis et al. (1999)

Building upon an earlier EPA study, Lewis and colleagues (1999) report the results of a larger
and more powerful EPA study to investigate the health effects of chronic consumption of arsenic in
drinking water by a cohort of Millard County, Utah residents. This study examined 4,058 individuals,
more than 70% of whom had attained the age of 60 years at the end of the follow-up period or by the time
they were deceased. As a result, this study is the largest and best-designed study of arsenic in drinking
water conducted to date in 2 U.S. popufaﬁon. This study examined the relationship between arsenic
concentrations in drinking water and mortality outcome, with analyses focusing on the 2,203 deceased
members of the cohort. Several features of the study design resulted in a high statistical power of this
study to detect risks if they are as high as those estimated by NRC (2001). These factors include the large
size of the cohort population, the high arsenic concentrations in drinking water, and a population drawn
from records of the Mormon Church. This group is unlikely to have significant alcohol or tobacco
exposures, two known carcinogens and potential sources of confounding and bias in studies of bladder

and lung cancer.

For the seven communities included in the study, median drinking water concentrations ranged
from 14 to 166 pg/L, with slightly higher average concentrations of 18 to 191 pg/l. Maximum detected
concentrations ranged as high as 620 pg/L. Table B-3 shows the distribution of cohort member
residences and arsenic concentrations in drinking water from historical and recent arsenic measurements
in the study communities. As shown in this table, almost 30% of the cohort resided in the town with the
highest median arsenic drinking water concentration, and more than 25% of the deceased study subjects
were also residents of Hinckley (Lewis et al., 1998). A population-weighted mean concentration of
almost 100 pg/L can be estimated using the data shown in Table B-3. (This calculation assumes that
cohort members are evenly distributed in the five communities that together are reported to make up
41.2% of the enrolled cohort.) Together with information on the residence history of the cohort members,
the median drinking water concentrations were used by the researchers to establish three arsenic exposure
indices: low (<1,000 ppb-years), medium (1,000-4,999 ppb-years), and high (>5,000 ppb-years). The
study authors justify the selection of these cumulative arsenic exposure classifications by noting that 20
years of exposure is a reasonable period for most cancers to become manifest, and 20 years of exposure to
drinking water with 50 pg/L (or ppb) of arsenic or greater yields a cumulative arsenic exposure of 1,000
ppb-years. Exposures for a significant portion of the cohort occurred over a full lifetime. In particular,

nearly 44% of the deceased subjects in the high-exposure category were members of the cohort for more
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than 70 years, while more than 60% were followed for more than 60 years. Almost 60% of the deceased

members of the cohort were more than 70 years old at the time of their deaths.

Table B-6
Distribution of Cohort Member Residences and Arsenic
Concentrations in Drinking Water in the Lewis ef al. (1999) Utah Study

Community % of Enrolled Arsenic Concentrations in Drinking Water
Cohort (ug/L)

Average  Median Min Max
Hinckley 29.4 164.4 166 80 285
Deseret 190.7 160 30 620
Abraham 1342 116 5.5 310
Sugarville 41.2 94.5 92 79 120
Qasis 91.3 71 34 205
Sutherland 339 21 8.2 135
Delta 284 18.1 14 3.5 125

Despite elevated exposures to arsenic in drinking water, Lewis et al. (1999) found no relationship
between bladder and lung cancer and exposure to arsenic in drinking water in the Utah cohort. Risks of
bladder and lung cancer mortality were actually found to be statistically significantly lower in the study
population than for the general population in Utah. Specifically, 39 bladder and lung cancer deaths were
observed in the study cohort compared to an expected value of 63.5 deaths (p<0.05). Based on their
findings, the authors conclude that "Whereas the studies in Taiwan and Argentina reported high
exposures to drinking water arsenic, this study population was exposed to much lower levels, perhaps

indicating that bladder cancer occurs in response to higher arsenic concentrations.”
Summary of Other U.S. Studies of Lifetime and Adult Exposures

In addition to the Lewis et al. (1999) study, Table B-2 also describes several other studies of U_S.
populations with elevated lifetime or adult exposures to arsenic in drinking water. These studies include
two ecologic studies of large populations (i.e., Engel and' Smith, 1994; Morton et al., 1976), one meta-
analysis of U.S. epidemiological studies of skin cancer incidence (Valberg et al., 1998), and one case-
control study (Bates et al.,, 1995). None of these studies reported a significant relationship between

arsenic exposure and increased cancer risk, with arsenic concentrations ranging as high as 401 ug/L.
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Engel and Smith (1994) conducted an ecologic study examining the relationship between the.
population-weighted mean arsenic concentration in public drinking water supplies and a variety of
mortality endpoints, including all cancer and ung cancer mortality, for the period 1968 to 1984. They
mcluded 30 counties in the study, each with population-weighted mean arsenic levels of 5 pg/L or
greater. Although the study included counties with mean arsenic levels ranging as high as 92 pg/L, the
authors report standardized mortality ratios (SMRs) for all cancers and lung cancer that are almost all less
than 1.0 for communities with higher arsenic drinking water levels (10 to 91.5 pg/L). Morton et al.
(1976) also performed an ecological study, focusing on skin cancer incidence in Lane County, Oregon,
where arsenic concentrations as high as 33 pg/L have been found in drinking water. Based on their
analyses, these authors concluded that "it seems safe to conclude that our data showed no evidence of

water arsenic influence on skin cancer incidence in Lane County over this 14-year period.”

Bates ef al. (1995) evaluated bladder cancer risks based on a case-control study involving 117
bladder cancer cases and 266 controls in the state of Utah. Arsenic concentrations in drinking water
ranged from 0.5 to 160 pg/L in the 88 towns included in the study. Eighty-one towns had arsenic
concentrations in drinking water of less than 10 pg/L and only 1 town had arsenic concentrations
exceeding 50 pg/L. Overall, this study reported no association between bladder cancer risk and arsenic
exposure for two exposure metrics, ie., total cumulative exposure (from <19 to >53 mg) and intake
concentrations. Analyses suggested that smokers had increased bladder cancer risks, but the study

authors could not rule out possible biases in the data as an explanation for this finding.

Valberg et al. (1998) examined whether an absence of risk in U.S. populations or random
variability from a predicted risk was the more likely explanation for the lack of observed skin cancer
cases in U.S. epidemiological studies of populations with elevated arsenic exposures. This analysis was
conducted using a likelihood ratio approach that evaluated which of two hypotheses was the more likely
explanation for the lack of observed skin cancer cases in the studies of U.S. populations. The two
hypotheses evaluated were that an arsenic effect exists in the evaluated studies that is as large as predicted
by the EPA CSF and, alternatively, that no arsenic effect exists. For their analysis, Valberg etal.
identified three studies that had studied the effect of elevated arsenic concentrations in drinking water on
the prevalence of skin cancers, and had provided detailed information on exposure levels and health
outcomes. These studies included evaluations of populations in Fallon, Nevada (with typical exposure
levels of 100 pg/L); Fairbanks, Alaska (with a range of exposure levels form 76-401 ug/L); and Millard
County, Utah (with typical exposure levels of 208 pg/L). This analysis showed that the hypothesis that
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arsenic has no effect on skin cancer prevalence was approximately 2.2 times more likely than the
hypothesis that an effect of arsenic exposure on skin cancer prevalence is exists and is as large as
predicted by EPA's CSF of 1.5 (mg/kg/day)”, the value presented in EPA's Integrated Risk Information
System (IRIS) database (USEPA, 2003). This study thus indicates that uéing a CSF based on a study of
elevated arsenic exposures in the Taiwanese population may result in overestimates of skin cancer

prevalence in the U.S. population.

Summary of Studies of Exposed Children

Several recent epidemiological studies of cohorts of U.S. children with elevated childhood arsenic
exposures also do not show elevated incidence of bladder or lung cancer mortality. Specifically,
Tollestrup ef al. (2002) studied 1,827 boys and 1,305 girls who resided near the ASARCO Ruston copper
smelter between 1907 to 1932. Exposure intensity was grouped into four categories based on the length
of time of residence less than one mile from the smelter stack, i.e., 0 - <1.0 year, 1.0 - 3.9 years, 4.0 -
9.9 years, and 10 or more years. Using a Cox proportional hazard model, the study investigators found no
evidence of elevated bladder or lung cancer mortality risks in the highest three arsenic exposure

. categories.

Although arsenic exposure levels during the 1907-1932 period are uncertain, urine samples
collected during the 1970s showed that children living near the smelter had significantly elevated urinary
arsenic levels, For urine sampling conducted in 1972, children residing less than half a mile from the
smelter were found to have average total arsenic concentrations in urine of 0.3 mg/L, compared to an
average of 0.08 mg/L for children living 1 to 1.4 miles away (Milham and Strong, 1974). Polissar et al.
(1990) measured a median urinary inorganic arsenic concentration of 0.044 mg/L with a 95™ percentile of
0.120 mg/L. in children ages 0 to 6 years old living in close proximity to the smelter. Because emission
controls were installed in the 1970s and 1980s and ASARCO significantly improved their arsenic
recovery in the 1930s and 1940s, exposures during the 1907-1932 exposure period were likely much
higher than those measured in the 1970s. Most importantly, exposures were also substantially higher than

any exposures likely to result from current children’s contacts with structures built of CCA-treated wood.

Moore et al. (2002) investigated the relationship between childhood cancer incidence and arsenic
exposure in drinking water in Nevada. This study was prompted by a recent Jeukemia cluster in Churchill
County, Nevada, where elevated concentrations of arsenic in drinking water are found. This study is one

of a small number of studies that have examined arsenic-associated risks for childhood cancers. Such
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cancers have not yet been investigated in any of the arsenic endemic areas of the world (e.g., Taiwan,

Arxgentina, or Chile).

The study population included all children within the state of Nevada, with population-weighted
arsenic concentrations in drinking water in the 17 Nevada counties ranging from <10 pg/L to up to 90
ug/L. In Churchill County, 89% of residents (including 5,525 children included in this study) were found
to drink water containing approximately 100 pg/L of arsenic. This county includes the town of Falion

and the recent cluster of 15 cases of childhood ieukemia.

Standardized Incidence Ratios (SIRs) were calculated for all cancers, leukemia only, and all
cancers excluding leukemia for three exposure groups: high exposure (35-90 pg/L, with more than
11,000 children), medium-exposure (10-25 pg/L), and low-exposure (<10 pg/L). Key findings included
no evidence of e;icess childhood leukemia incidence for any exposure group, including elevated arsenic
exposures (~90 pg/L). In fact, only 2 cases of leukemia were observed during the study period (1979-

1999). A small (but statistically non-significant) excess in non-leukemia cancer incidence was observed
for the high-exposure counties. These included bone cancers for 5 to 9-year-old and 10 to 14-year-old
children, and lymphomas for 15 to 19-year-old children. This finding does not provide convineing
evidence for increased risks for non-leukemic childhood cancers. Moreover, the authors caution that

confirmation in other studies is required before conclusions can be drawn.
Implausibility of High End CSF and Inconsistency with Epidemiological Data

The high end CSF of 23 (mg/kg-day)’ used by CPSC staff in their risk analyses was not
explicitly calculated by NRC (2001) in its analysis of excess lifetime risk of lung and bladder cancer for
the U.S. Population. CPSC staff estimated this value, however, based on U.S. lung and bladder cancer
risks for males and females combined, using the data available in the NRC (2001) report. This value is

implausible and inconsistent with the best available epidemiological evidence from U.S. populations.
Derivation of the CPSC Staff High-End CSF

'CPSC staff derived the high-end CSF based on the following assumptions: the theoretical
maximum likelihood estimates of excess lifetime risk for individuals consuming drinking water

containing arsenic concentrations of 10 pg/L, a body weight of 70 kg for U.S. adult residents, a drinking
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water ingestion rate of 1 L/day in the U.S., and U.S. background cancer incidence rates based on cancer
registry data (NCJ, 2002). The excess lifetime risks in NRC (2001) were reported: separately for males
and females, and separately for bladder and lung cancer. These individual estimates are summarized in
Table B-4. |

Table B-7
Theeretical Maximum Likelihood Estimates of Excess Lifetime
Risks (Incidence per 10,000 people) of Lung Cancer and Bladder
Cancer for U.S. Populations, for Arsenic Concentrations
in Drinking Water of 10 pg/L.

Cancer Endpoint Bladder Lung

: Females Males Females Males
Individual Genders/ Endpoints 12 22.5 18 13.5
Combined Genders (Females & Males) 17.25 15.75

Combined Endpoints and Genders

(Bladder & Lung, Males & Females) - 33

It should be noted that these excess lifetime risks calculated in NRC (2001) are based on relative risks,
which reflect the background lung or bladder cancer rates in the population of interest. Because the
background rates of bladder and lung cancer are several times higher in the U.S. than they are in Taiwan,
the U.S. excess risks are correspondingly greater than the Taiwanese excess risks for comparable drinking

- water concentrations.

The CPSC documentation does not specifically describe how CPSC staff derived a single CSF for
combined incidence of both lung and bladder cancer, for both genders; however, the CSF value presented
by CPSC staff (i.e., 23 [mg/kg-day]") appears to have been calculated as follows:

. Average the excess lifetime risks of cancer across genders for each endpoint
(17.25/10,000 for bladder cancer and 15.75/10,000 for lung cancer)

. Add the excess risks across endpoints (33/ 10,000 for [bladder or lung] cancer) to estiméfe
the combined risk '

. Convert the excess combined risk of cancer incidence across endpoints and genders to a
CSF using the following formula and assumptions:

> 33/10,000 combined risk = 10 pg/L arsenic in water * 1 L/day water ingestion
rate / 70 kg body weight

> 0.0033 = 0.14286 pg/kg-day
0.0231 = 1 ug/kg-day
23.1 {mg/kg-day}' = CSF
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The CSF derived by CPSC staff using this general approach was then used by them to extrapolate excess

risk for a population exposed to arsenic on the basis of absolute risk.

The combined probability of having either a bladder or lung cancer (P(bladder) U P(lung)) is
statistically defined as being equal to the sum of their individual probabilities minus the probability of
having both tumors simultaneously (i.e., this probability is the product of the two probabilities if the
events are independent of one another). Because U.S. tumor registries record only one primary tumor site
for an individual, one cannot directly estimate the probability that an individual has both a lung and
bladder tumor. Because the probability of both tumors occurring in the same individual is very small,
however, no-correction factor is likely to be required to adjust the estimated combined excess risk of

having either a lung or bladder cancer to account for the possibility of developing both types of cancer.

Comparison of CSF with Available Epidemiological Data

The results of Lewis et al. (1999) and other studies of highly-cxposed U.S. populations clearly do
not support the presence of an arsenic-induced epidemic in the United States, even among populations
with elevated arsenic levels in drinking water. Areas with- elevated arsenic exposure levels do not have
death rates that stand out from other arcas and demand public health concern. If cancer risks associated
with arsenic were as high as those predicted using the CPSC staff high-end CSF of 23 (mg/kg/day)’, such
risks would have been apparent in a study as well-designed and as large as the Lewis ez al. (1999) Utah

cohort study. Several lines of evidence support this conclusion.

First, a recent peer-reviewed sample size calculation indicates that studies such as the Lewis et al.
study of Millard County, Utah, have sufficient power to detect the postulated health risks associated with
arsenic exposures if they are indeed as high as those predicted based on observations in the Taiwanese
study populations (Frost et al., 2002). Specifically, for an arsenic concentration in drinking water of 100
ug/L, Frost et al. (2002) demonstrated that a sample size of approximately 1,400 would be sufficient to
detect elevated bladder cancer incidence, if the excess risk of bladder cancer was as high as estimated by
Morales et al. (2000) in their re-analysis of the Taiwanese data that are the basis of the high-end CSF
calculated by CPSC staff.
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Second, the Le_:wis et al., (1999) Utah study cannot be directly compared to the CSF derived by
CPSC staff, in part because the CSF is based on data regarding tumor incidence whereas the Lewis er al.
study examined tumor mortality. By adjusting the excess tumor rates based on survivorship patterns seen
both in Utah and in the total United States, however, the CSF may be transformed into a slope factor
reflecting cancer mortality. The lifetime excess cancer mortality risks in the Lewis study may then be

evaluated based on this adjusted factor.

A CSF consistent with the cancer incidence data can be derived by examining the combined
excess mortality from both lung and bladder cancer, for both genders. Based on data from U.S. tumor
registries (NCI, 2002), a reasonable estimate of the proportion of all tumors that are fatal is 20% for
bladder cancer and 80% for lung cancer. By applying these adjustments to the data in Table B-4, an

estimate of the slope factor reflecting cancer mortality can be derived as follows:

» Average the excess lifetime risks of mortality from cancer across genders for each
endpoint, (3.5/10,000 for bladder cancer and 12.6/10,000 for lung cancer)

. Add the excess risks across endpoints (16.1/10,000 for [bladder or lung] cancer) to
estimate the combined risk of mortality

. Convert the excess combined risk of cancer mortality across endpoints and gendérs to
estimatec a slope factor reflecting cancer mortality using the following formula and
assumptions:

> 16.1/10,000 combined risk = 10 ug/L arsenic in water * 1 L/day water ingestion
rate / 70 kg body weight

> 0.00161 = 0.14286 pg/kg-day
> 0.0113 = 1 pg/kg-day
> 11.3 [mg/kg-day]" = Slope factor for cancer mortality

Again, a similar adjustment for the probability of simultaneous mortality from both a lung and a
bladder humor would have a minimal impact on an estimate of the combined risks of mortality associated
witﬁ both tumor types. Nevertheless, these excess mortality rates attributable to exposure to arsenic can
be used in the larger context of adding to baseline lifetime cancer mortality rates. In Utah during the
period 1995-1999, these rates were 0.37% for bladder cancer and 2.54% for lung cancer, with a sum of
2.91% (NCI, 2002). This rate is the bascline risk for this combined endpoint in the absence of arsenic

exposures. -
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Figure B-1 clearly shows that observed bladder and lung cancer mortality risks in the Lewis et al.
study are significantly less than those predicted by the high-end CSF derived by CPSC staff. As
discussed earlier, the Lewis et al. (1999) Utah study followed a cohort of 4,058 individuals exposed to
median drinking water arsenic levels that ranged from 14 to 166 ug/L (with average levels ranging from
18 to 191 pg/L). Nearly 1,200 of these individuals resided in the community with the highest median
drinking water arsenic level of 166 ug/L. Despite these elevated arsenic concentrations in drinking water,
no elevated death rates from bladder or lung cancers were observed for those who died throﬁgh November
1996 (2,203 cohort members). Moreover, death rates were not elevated among the cohort members with
the highest concentrations of arsenic in their drinking water. Both of these findings are inconsistent with

the large excess cancer risks that would be predicted using the high-end CSF developed by CPSC staff.

Figure B-1
Comparison of Observed Bladder and Lung Cancer Mortality Risk with Combined
Baseline and Excess Lifetime Mortality Risks Predicted Based on CPSC High-end CSF
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The observed mortality risk for combined lung and bladder cancer, averaged across males and
females in the cohort, and the two-sided 95% upper confidence limit on this risk estimate (calculated
according to the Poisson distribution) are displayed in Figure B-1. Estimated excess lifetime mortality
risks defined by a comparison population of Utah (1995-1999) are presented for a range of water
concentrations that span the average concentrations measured in the seven towns included in the Lewis
et al. study. Arrows indicate relevant exposure levels for the population as a whole (i.e., 99 pg/L, which
is an estimate of the population-weighted mean drinking water level) and for the most exposed members
of the population (i.e., 191 ng/L, which is the average measured drinking water concentration in the town

of Peseret).

For an arsenic concentration in drinking water of 100 pg/L (which is just slightly greater than the
estimate of the population-weighted mean drinking water level), the baseline and theoretical predicted
excess lifetime bladder cancer mortality risk greatly ekceeds the observed mortality rates. This disparity
between the observed and estimated cancer mortality risks is even larger for greater exposures to arsenic.
Specifically, for an arsenic concentration of 100 ug/L, the predicted cancer mortality risk is
approximately 380 deaths pér 10,000, more than two times greater than the observed death rate of
approximately 170 per 10,000. For an arsenic conceniration of 200 pg/L, which is slightly greater than
the highest average drinking water concentration measured in the seven towns included in the study (191
pg/L}, the predicted cancer mortality risks were more than three times greater than the observed cancer

mortality risk based on the Lewis et al. findings.

In summary, as demonstrated in Figure B-1, findings from the Lewis et al. study of a Utah cohort
are clearly inconsistent with the CPSC staff high-end CSF of 23 (mng/kg/day)”. This high-end CSF is
based on studies of a heavily-exposed Taiwanese population where arsenic exposure levels were
substantially greater than those of exposed U.S. populations. The observed cancer mortality risks in the
Lewis et al. study are not only substantially less than those that are predicted using the CPSC staff high-
end CSF for the cohort exposures, but they are also less than the baseline cancer mortality risks predicted
for the general population of Utah. This finding is observed even with arsenic drinking water
concentrations that, on average, were as high as 191 pg/L, and at times exceeded 600 pg/L. These
findings indicate the implausibility of such a high CSF for U.S. populations, where even exposures
considered to be highly elevated are far less than those of the Taiwanese population that is the basis for
the CPSC staff high-end CSF.

132603sb B-3¢6 Gradient CORPORATION




These studies indicate that the use of the CPSC staff high-end CSF of 23 (mg/kg/day)” in arsenic
health risk assessments will significantly overéstimate cancer risks in U.S. populations, even where
elevated arsenic concentrations are present in dﬁnking water supplies. Even under worst-case conditions,
" children's arsenic exposures associated with contacts with structures build of CCA-treated wood will be
less than those for populations with elevated arsenic concentrations in their drinking water. Thus, the
CPSC staff high-end CSF is also likely to overestimate cancer risks for this population. In summary, the
_ best available scientific evidence does not support the widespread application of the staff CPSC high-end
CSF to estimate potential cancer risks for U.S. populations exposed to arsenic vig ingestion. Moreover,
available evidence regarding the non-linearity of the dose-response relationship for- carcinogenicity of
ingested arsenic indicates that use of the CSF values applied by CPSC staff in their risk analyses is likely
to overestimate potential carcinogenic risks for U.S. populations exposed to low levels of arsenic (e.g.,
such as the levels estimated by CPSC staff to be associated with contacts with structures built of CCA-

treated wood).
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